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The Editorial Board of the Annals of the Entomological Society of 
America, as representative of the sentiment of the Society, wishes in 
this manner to express the Society’s appreciation of the long years of 
service of Professor Osborn as Managing Editor of the Annals. It is 
fitting at this time to present a portrait and a brief sketch of the Editor 
Emeritus to whom the present editorial policies, the form and quality 
of the Annals from its inception to the present are largely due. 


Professor Osborn was born at Lafayette, Wis., March 19, 1856. 
He graduated at Iowa State College in 1879 and from this date to 1898 
was engaged in zoological and entomological work at Ames. From his 
Alma Mater he received the degree of M. S. in 1880 and that of Sc. D. 
in 1916. He was Professor and Head of the Department of Zoology 
and Entomology from 1885 to 1898. From 1898 to 1916 he was Head 
of the Department of Zoology and Entomology at Ohio State University 
and since 1916 Research Professor. 

Besides developing the work in Entomology at Ohio State Uni- 
versity, he was especially interested in the development of the Ohio 
State University Lake Laboratory, of which he was Director from 1898 
to 1918, and in the development of the Ohio Biological Survey, of 
which he has been Director since 1912. He was State Entomologist 
of Iowa in 1898, President of the Iowa Academy of Science in 1887, 
President of the American Association of Economic Entomologists in 
1898, President of the Ohio Academy of Science in 1904, President of 
the American Microscopical Society in 1907-09, President of the 
Entomological Society of America in 1911, President. of the Society for 
the Promotion of Agricultural Science in 1917-18, and Vice-President 
(Chairman of Section F.) of the American Association for the Advance- 
ment of Science in 1917. ; 

On examining Professor Osborn’s bibliography as compiled in the 
University records we find that his major interests have been along 
two lines, one in general economic entomology and the other in the 
systematics and biology of the hemipteroid insects. These papers 
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make a total of nearly three hundred items. Along with these has been 
a steady output of papers in agricultural and popular journals which 
have helped to show the value of economic entomology to the general 
public. The latter series totals two hundred and fifty papers. His first 
scientific article appeared in 1879, then followed a series of one hundred 
and fifty papers on various insect pests which increased in frequency 
until about 1900, since which time papers on the Hemiptera have largely 
displaced them, a series which now approaches one hundred items. Some 
lesser interests appear. In 1883 he published his first article on parasites 
of domestic animals which started a series of twenty papers that reached 
its peak in the classical bulletin, ‘‘ Insects Affecting Domestic Animals.” 
Another interest is found in the series of articles on Thysanoptera, while 
a third interest is one on insects affecting pasture and grass-lands. 
Professor Osborn was the first to show the great damage done to 
meadows and forage by such inconspicuous insects as leafhoppers and 
other minute Hemipteroids. As Research Professor he has just pub- 
lished in the ‘“Leafhoppers of Ohio” the results of thirty years of 
collecting in the State and is at present working largely on Neotropic 
leafhoppers. 

Professor Osborn has never approached any phase of his work 
except with a profound respect for its importance. It is probably 
this attitude more than any other thing, except perhaps his example of 
unremitting work, that has inspired so many of his students. Even 
vacations have been crowded with either economic entomology or the 
collecting of more Hemiptera. 


Professor Osborn’s greatest contribution to Science in general and 
to Entomology in particular is in the body of graduate students who 
acquired from him their enthusiasm for the science to which he is 
devoting his life. 

An appreciation from the Society is especially fitting at this time as 
it marks the rounding out of fifty years of scientific labor which has given 
him his present eminence in Science and Education. In the same spirit 
was the testimonial dinner given in his honor on December 17, 1929, 
by his colleagues and students and the degree of Doctor of Laws con- 
ferred on him by the University of Pittsburgh, February 10, 1930, both 
honors in memory of his long service to Science. 
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THE MOUTH-PARTS OF THE LARVAL AND ADULT 
STAGES OF DERMESTES VULPINUS F.* 


VERNA E. RoBINsSON, 
St. Paul, Minn. 


INTRODUCTION, 


The cosmopolitan species, Dermestes vulpinus Fabricius has 
long been considered an insect of economic importance. At 
one time it committed such ravages upon furs of the Hudson’s 
Bay Company in its storehouses in London that a reward of 
200,000 Pounds was offered for a means of effectually destroying 
it (Lintner, 1884). Since that time it has been reported 
destroying hides and leather in many different countries. 
Distant (1877) told of a cargo of dried hides received in London 
from China which had suffered damage from its ravages as 
great as 15 to 20 percent of the value. Jones (1889) gave an 
account of the hide beetle found at work in goat skins from 
Russia, Arabia, Mexico, Turkey, and Cape Town, South 
Africa. Its activities are well known in the tanneries and 
shoe factories of our own country (Riley, 1886), (Lintner, 1887). 
Illingworth (1918) stated that D. vulpinus F. was the principal 
cause of injury to the dried fish in Honolulu. Kimura and 
Takakura (1919) reported its ravages of the dried fish in Japan. 
As early as 1837 it was recorded as destroying a cargo of cork 
brought to England from Brazil (Bowerbank, 1837). Holland 
(1896) reported a loss of 2 percent of a shipment of cork from 
Spain, due to its ravages. . Snyder (1920) described ‘‘one of the 
most serious cases of direct injury to metal by insects—that by 
D. vulpinus F. to tubular lead telephone fuses.’’ The insect 
eats through the lead (alloy) tape of the fuses. It has also 
earned the title of ‘‘bone beetle’ from its frequent infestations 
of bones wherever they are stored in large quantities. They 
feed on the dirty bones and then bore into the framework of 
the storage buildings to pupate. Walker (1884) reported a 
case at Queensborough, England, where the wooden framework 


*Contribution from the Zoological Laboratories of the University of 
Minnesota. 
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of a storage room in a bone-boiling works was destroyed by their 
honey-combing activities. Potter (1898) reported similar rav- 
ages in New Zealand. The hide beetle was found in great 
numbers in the hoof-drying room and the bone-fertilizer store 
rooms of a packing plant in St. Paul, Minnesota, where the 
larve have honey-combed areas in the wooden framework as 
large as a foot square and one to two inches deep. 

Little has been done on the anatomy of this important 
species. Riley (1886) described the mouth parts and external 
characteristics of the larve briefly. Kreyenberg (1928) de- 
scribed the larval mouth parts and the digestive systems of 
this species and Dermestes lardarius Linneaus. Since only 
these two brief papers have been found which describe the 
mouth parts of the larva of the hide beetle and because there 
is comparatively little information available on the mouth 
parts of Coleopterous larve and adults, special stress has been 
laid on the mouth parts of the larva and adult of D. vulpinus F. 
in this paper. 


METHODS AND MATERIALS. 


Fresh material was used for all of the dissections. Permanent 
mounts were made for the study of the mouth parts. In some 
cases the structures were mounted in Buxton’s fluid (Buxton, 
1921) as soon as they were dissected from the fresh specimens. 
In other cases they were dehydrated, cleared in xylol, and 
then mounted in balsam. It was found beneficial to use 
haematoxylin and acid fuchsin in studying the finer details of 
the larval labrum and and the adult labium. 


THE MOUTH PARTS. 


Unfortunately there is, at present, a great deal of variation 
in the nomenclature used in the study of insect anatomy. 
This is especially true in the study of the mouth parts for which 
the morphologists, embryologists, and systematists all have 
different names.: In the absence of the much-to-be-desired 
standard nomenclature for the mouth parts, that presented by 
MacGillivray (1923) in the ‘‘External Insect-Anatomy’”’ has 
been used in this paper. 
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A. Larval Mouth Parts. 


The labrum (Plate I, Fig. 3) is saddle-shaped and a little less than 
twice as large as that of the adult. Its depth is in proportion to its 
width as 1:3. Somewhat convex, but not as much so as the adult 
labrum, it is less heavily sclerotized and bears fewer sete scattered 
over its dorsal surface. A few setz are longer than the depth of the 
labrum, but the rest are short, all are pointed. There are two small, 
heavily sclerotized areas (cha) on either side of the center of the labrum 
just back of the emargination of the distal margin. These areas are, 
apparently, the bases to which the curved, sclerotic tooth-like processes 
of the underlying epipharynx (Fig. 6, tlp) are attached. There are 
four pointed sete around the emargination which project disto-mesad. 
Besides these seta, there are other hair-like projections (meh, lah) 
which lie along the distal margin covering most of it. The number of 
these varies among individuals from 45 to 60. These processes have a 
peculiar form (Fig. 4). They consist of three definite parts. The 
first is a conical projection (conp), an integral part of the labrum, 
which arises a slight distance from the margin. This projection is 
blunt at the tip bearing a nipple-like process medially which fits into 
the concave, cup-like base (ps) of the second part, the proximal segment, 
which is the first articulating part of the structure. The membranous 
distal segment (ds) is attached to the basal segment which extends to 
the margin of the labrum. 

The five mesal structures (Fig. 3, meh) on either side of the center 
are markedly different from the others, and these five are not all alike. 
The most mesal two (Fig. 4, A) have a very short, bluntly pointed, 
uncurved, distal segment, while the other three have longer ones which 
curve sharply ventro-mesad over the labral margin. ‘The lateral 
processes (lah) are more slender having abruptly but sharply pointed 
apices to their distal segments which all project disto-mesad. The 
more mesal of these are longer and broader, while the more lateral 
ones become progressively smaller and shorter. Kreyenberg (1928) 
studied the labrums of D. lardarius L. and D. vulpinus F., but figured 
only that of the former, saying the two were very similar. Specimens 
of both species have been studied by the author in an effort to verify 
his description. His figures shows the hair-like processes as being 
formed of three definite segments, but the specimens studied in this 
work did not verify this. In both cases the hair-like processes were 
observed to consist of only two definite segments, each process articu- 
lating with a conical base which is an integral part of the labrum. 
These processes are much more pointed and are more variable in 
number in D. vulpinus F. than in D. lardarius L. In the former, as 
mentioned above, they may vary from 45 to 60, while in the latter 
they vary only from 46 to 50. In the former, there is rarely an equal 
number of processes on both sides of the labrum, usually there are 
2 or 3 more on one side than on the other; in the latter, however, there 
are usually the same number on each side of the labrum as described 
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by Kreyenberg. Roberts (1926) described structures of the labrum of 
the larve of Phyllobius urtice DeGreer and Phyllobius pyri Linneaus 
that are, apparently, similar to the jointed, hair-like processes described 
above. He said the labrum is ‘provided on the anterior margin 
with 8 down-curving sete in pairs, in addition to a pair of shorter 
much-curved seta, situated one on either side of the median pair. 
All these arise on the dorsal surface.’ His descriptions and drawings 
do not give definite information regarding the basal structure of these 
setae, but they seem to indicate a two-segmented condition in the 
lateral seta, at least. These lateral structures are all more bluntly 
rounded at the apex than those of the Dermestes. There are 18 present 
here, compared to the 45 to 60 found in the Dermestes labrum; but he 
shows long lateral, and shorter median sete which all curve downward 
and mesad, as do the structures on the Dermestes labrum. The sclerite- 
like structures that Kreyenberg figured within the labrum of D. lardarius 
L. were not found in the labrum of either species. The long, pointed, 
tooth-like projections that he figured extending proximad from the 
margin of the labrum are structures belonging to the epipharynx, as 
shown in Fig. 6, tlp. This is the case in both species. 

The mandibles (Plate I, Fig. 1, 2) are nearly hidden by the labrum. 
They are broad, thick, pyramidal structures with their length, width 
and depth in the proportion of 3:2:1. They are heavily sclerotized 
and of a reddish brown color. Their sharp, cutting, inner margin 
bears three teeth, the blunt proxadentis (pd) and the more pointed 
mid-dentis (dd) and distadentis (md), (Kreyenberg, 1928), (Riley, 1886). 
Since they are convex on their dorsal surface and concave on their 
ventral surface, they are easily overlapped. In their normal position, 
one mandible overlaps the other; in some individuals it is the left and 
in some it is the right one. The lateral or exposed narrow triangular 
surface of the mandible forms a shallow groove or furrow called the 
scrobe (sb). A row of large sete arise in this furrow. A tuft of longer 
hairs arises on the lateral surface and around the base of the scrobe. 
Two distinct projections are noted on the proximal half of the inner 
margin of the larval mandible. The more distal one (WZ) is a smooth, 
membranous finger-like structure which projects inward and proximad. 
Kreyenberg (1928) figures and describes this structure and calls it 
“Weichhautiger Zapfen.”” The other process (pc) consists of a small, 
broad, membranous lobe, the apex of which lies ventral to the inner 
lateral edge. This lobe bears many long setz which stand so close 
together that they look like a tiny, long-haired brush. Kreyenberg 
does not figure or describe this structure. It corresponds to the descrip- 
tion given by MacGillivray for the structure which he calls the 
“‘prostheca.”’ Hollis (1872) presents an interesting homology between 
the prostheca and the mandibular palpi of the isopods and crustaceans. 
The prostheca is more prominent in the mandibles of D. vulpinus F. 
than in those of the mandibulate insects which he compares with the 
isopod and crustacean structures. The mandibles have two prominent 
points of articulation with the tentorium and the head capsule; the 
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preartis and the postartis. The large preartis (pre), situated in the 
outer half of the proximal margin of the dorsal surface, is a prominent 
hemispherical cavity. The prominent postartis (ptc) is situated between 
the lateral and ventral aspects and is divided into two parts; the large 
spherical condyle which projects conspicuously from the concave 
ventral surface, and the smaller, lateral condyle lying on the proximal 
margin of the scrobe. This part of the postartis is not of spherical 
shape, but appears as a projecting shoulder extending over the margin 
of the mandible. 

The maxille (Plate I, Fig. 5) are located under the large mandibles 
which cover them dorsad. They are complex structures whose width 
is in proportion to their length as 1:4. The weakly sclerotized basal 
segment, the cardo, is divided in the larval maxilla. The proximal 
sclerite, the subcardo (sa), is subquadrangular in shape. The parartis, 
the swelling located at the proximal end of the subcardo, is bifurcate 
in this form, having the exparartis (ey), a spherical swelling articulating 
on the external face of the paracoila, and the entoparartis (en) of the 
same shape but smaller articulating on the internal surface of the 
paracoila. The distal sclerite, the alacardo (al), is subtriangular in 
shape. It is located along the lateral margin of the subcardo and is 
separated from it by a longitudinal suture. It is articulated at its 
distal end with the stipes. This sclerite bears a few small sete. The 
subquadrangular stipes (s) composes the largest sclerite of the maxilla. 
It is weakly sclerotized as a whole, although it bears two heavily 
sclerotized margins where it articulates with the subgalea and the 
palpifer. There are a few setz scattered over the stipes. The distal 
part of the stipes is greatly elongated mesad. This arm bears the 
lacinia. The subgalea (sg) in the larval maxilla lies along the mesal 
margin of the stipes. It is not well developed, being small and very 
weakly sclerotized. The disto-lateral margin of the stipes bears the 
palpifer (pf). The proximal part of this structure is membranous, 
but a sclerotic band is present on the dorsal aspect of the distal end. 
The palpifer bears a few seta. A three-segmented palpus (mp) is 
borne by the palpifer. The third segment has a rounded, membranous 
tip bearing a number of conical sete (cs) which are probably tactile 
organs. The second segment, only, bears a few seta. The galea (gl) 
of the larval maxilla consists of a rather large, membranous lobe which 
has a small sclerotized area on the inner surface toward the distal end. 
It is attached to the membranous base of the palpifer. The rounded, 
distal end of the galea is covered by a thick crown of blunt setz and 
spines, the galarastra (gls). The lacinia (la) borne by the projecting 
arm of the stipes consists of two parts. A membranous lobe bearing a 
dense crown of blunt seta, the lacinarastra (lac), lies on the dorsal 
aspect. A bidentate sclerotic structure, the maxadentes (ms), forms 
the ventral surface. The lacinia of the larval maxilla of D. vulpinus 
IF. examined possesses a distinctly bidentate sclerotic hook on the 
distal end. Kreyenberg (1928) figured and described the larval maxilla 
of D. lardarius L. and, as in the case of the labrum, said that it was 
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very similar to the maxilla of D. vulpinus F. The maxille of both 
species were studied in this work. Kreyenberg’s description of the 
maxilla of D. lardarius L. was verified, but the maxilla of D. vulpinus F. 
was found to differ from it in several points. The cardo in D. vulpinus 
F. is divided by a more definite suture whose margins are more heavily 
sclerotized; the parartis of this species is clearly distinguished as a 
bifurcate structure but is only weakly sclerotized in the other; there is a 
heavily sclerotized band along the mesal margin of the stipes of this 
species but only a very weakly sclerotized band along that margin in 
the maxilla of D. lardarius L. The subgalea is present as a definite 
sclerite in both species. Kreyenberg did not describe or name this 
sclerite, although he figured it in his drawing. In both species the 
galea is attached to the palpifer as Kreyenberg figures it in D. lardarius L. 

The masticatory structures of the pharynx are located in the pre- 
pharynx (Plate I, Fig. 6), the cephalic portion of the pharynx located 
adjacent to the mouth. The structures in the larval prepharynx are 
quite generalized. The dorsal portion of the prepharynx, the pro- 
pharynx (pex), consists of two distinct regions, the epipharynx (ex) 
and the epigusta (eg). The epipharynx forms the ventral wall of the 
labrum. In the larva it is the same size and shape as the labrum. 
Its caudal extent is limited by the torme (tor) at the lateral ends of 
the clypeo-labral suture. The membranous epipharynx bears two 
prominent, tooth-like, sclerotic processes (tlp) in the mesal region near 
the cephalic margin. These processes are attached at their bases to 
the corresponding, heavily sclerotized areas in the labrum (Fig. 3, cha). 
As mentioned above, Kreyenberg (1928) shows these sclerotic tooth- 
like processes as belonging to the labrum of D. lardarius L. The 
labrum and epipharynx of both this species and D. vulpinus F. were 
examined in this work and these sclerotic tooth-like processes were 
found to be definitely a part of the epipharynx in both species. The 
literature describes sclerotic structures of various shapes in this region 
of the epipharynx of several Coleopterous larvee. Carpenter and 
MacDowell (1912) described two small, stout teeth in the anterior 
region to the left of the mid-line in the asymmetrical labrum of Dascillus 
cervinus Linneaus. Boving (1921) described four sclerotic plates: in 
the mesal part of the anterior region of the epipharynx of Popillia 
japonica Newman. Roberts (1926) mentions two strongly sclerotized 
arms of the epipharynx which reach nearly to the anterior margin of 
the labrum in the larve of Phyllobius urtice DeGeer. About a dozen 
tiny, cup-like depressions (tac) lie caudad of these processes in the 
mesal region. In the larva these tiny structures are arranged approx- 
imately in two rows, the more caudal being noticeably smaller than the 
other. These tiny depressions correspond in their structure and location 
in the epipharynx to those described by Packard (1889) which he calls 
taste-cups. There are no sete or hooked hairs near these depressions 
for the epipharynx is entirely bare except for the two large tooth-like 
processes. The epigusta (eg) is located caudad of the epipharynx. 
Its caudal extent is limited by the transverse mandoris (mdo). In 
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the larva, the epigusta bears two sclerotized rods, the epipharyngeal 
rods (exr), laterad. The ventral portion of the prepharynx, the para- 
pharynx (prx), consists in the larva of two regions, the subgusta, and 
the hypopharynx. The membranous subgusta (su) is the most caudal 
region for it borders on the mandoris. *On the lateral boundaries of 
the subgusta, there are two prominent sclerites which are opposite the 
epiphary ngeal rods in their caudal regions at the sides of the mandoris. 
These sclerites, the pharyngea-lingula (prg-In), are formed by the 
fusion of three sclerites, the pharyngea, the paralingua, and the lingula. 
The distal, tongue-like portion, the hypopharynx (hx), is slightly 
convex in the larva. A prominent supporting sclerite lies in the mem- 
branous hypopharynx a little distad from the pharyngea-lingula. 
This convex sclerite (sl) represents the fused salivias. It is not articu- 
lated with the pharyngea-lingular, but lies isolated in the membranous 
structure. The mouth or the salivos (so) of the salivary duct (sld) 
which lies underneath the hypopharynx, is located at the distal end of 
the hypopharynx which is fused with the paraglossze (Snodgrass, 1928). 
There is no definite suture here between the paraglossze and the hypo- 
pharynx like that found by Carpenter and MacDowell (1912) in 
Geotrupes sp. No maxillule are present. 

The labium (Plate I, Fig. 7, 8) lies on the ventral aspect of the hea: 
between, the maxilla. It is a prominent, though weakly sclero 
structure in the larva. Its width is in proportion to its length as 
1:2.5. The subquadrangular sclerite (sm-gu) formed by the fusion of 
the submentum and gula composes the proximal part of the labium. 
It bears a few sete on its ventral aspect. This sclerite is separated 
from the large mentum (m) by a narrow, membranous fold which 
marks the line of attachment of the cardos. The prominent mentum 
attached to the distal end of the submentum-gula is divided into three 
parts; a central quadrangular section and two arm-like lateral sections, 
by narrow membranous areas between the central and lateral parts 
(Fig. 7, m). These narrow membranous areas function as hinges 
upon which the lateral sections fold dorsad. The weakly sclerotized 
central section extends distad to a delicate suture which separates it 
from the stipula. In general, the sclerotization in this region extends 
only to this dividing suture, but it may pass distad a short distance 
into the membranous stipule. The lateral sections of the mentum 
are more heavily sclerotized and bear a row of setz along their mesal 
margins. The delicate suture marking the proximal margin of the 
stipulz, definitely present in the mesal part of the lateral sections, 
becomes obsolete in the lateral regions where the mentum fuses with 
the sclerotic lateral regions of the stipule. Here the distal end of the 
mentum is indicated only by the attachment of the distal end of the 
labacoria (Ic). The stipulz (sp), distad of the mentum, is divided into 
halves by a delicate mesal suture (Fig. 7). The stipulz are also divided 
into proximal and distal regions by a distinct suture which extends 
across the mesal regions, becoming obsolete laterad (Fig. 7, 8). The 
stipule are membranous save in the lateral and disto-lateral regions, 
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where they are heavily sclerotized. Laterad the stipule bear the 
palpigers (pp). A few small sete arise in the weakly sclerotized, 
proximal region of the palpigers, while the distal membranous half is 
bare. The weakly sclerotized two-segmented labial palpi (lp) arise 
from the palpigers. The distal segment of the palpi terminates in a 
rounded membranous apex, which bears a few conical setze (cs). Riley 
(1886) and Kreyenberg (1928) described three-segmented labial palpi 
in D. vulpinus F., but the segment they count as the basal segment is 
here shown to be the palpiger (pp), a fixed part of the labium which 
bears the mobile two-segmented palpi. The membranous paraglosse, 
separated from the stipulz in the mesal region by a distinct transverse 
suture, extend on to the dorsal surface of the labium and fuse with the 
disto-lateral arms of the stipulz laterad to the palpigers (Fig. 8, pgo, sp). 
The glossze are wanting and the adjacent paraglossz are separated by a 
distinct alarima (ala). Dorsad, the paraglosse, which are covered 
with tiny spinules, are fused with the distal margin of the bare hypo- 
pharynx save in the region adjacent to the salivos (Fig. 6, pgo, hx, so). 


B. Adult Mouth Parts. 


The labrum (Plate II, Fig. 2) of the adult is about one half the 
size of the larval structure. Its width is in proportion to its depth 
as 4:1. This broadly rounded, convex flap, having a distinct emargi- 
nation at the middle of its cephalic margin, is attached to the distal 
margin of the clypeus. Numerous large setz are borne over the surface 
of the labrum and around its cephalic margin. Smaller set are 
scattered among the larger ones. 


The adult mandibles (Plate II, Fig. 1, 3) are two thirds the size of 
those of the larva and have the same general shape. They are, however, 
more definitely pyramidal, having a well defined lateral face which 
appears as a continuation of the lateral aspect of the head. The 
dorsal aspect of the mandibles is convex, the ventral concave, and the 
lateral triangular and concave, forming a distinct scrobe. The scrobe 
(sb) is comparatively larger in the adult mandibles and bears many 
more sete. The margins are all more sharply defined and the whole 
structure is more strongly sclerotized than in the larval mandibles. 
The mesal and distal margins are provided with tooth-like projections 
as in the larva, but here the distadentis (dd) is more prominent, being 
long, curved and rather sharply pointed. There is no projection 
corresponding to the middentis on the larval mandible, and the inner- 
most, the proxadentis (pd) is shorter and more blunt. There is no 
structure corresponding to the ‘‘ Weichhautiger Zapfen” of the larval 
mandible here, but there is a dense area of long seta adjacent to the 
mesal margin known as the suprabrustia (spr) which lies in a position 
similar to that of the ‘‘We‘chhautiger Zapfen.’”’ The prostheca (pc) 
is prominent on the adult mandible. Here the submembranous lobe 
is so elongated that it extends beyond the inner margin of the mandible. 
With its brush of long sete and spinula projecting meso-proximad it 
forms a conspicuous structure. The preartis (pre) is clearly defined in 
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the outer part of the proximal end of the dorsal aspect of the mandible. 
It is concave here, too, but more shallow than in the larval mandible. 
The postartis (ptc) is located between the lateral and ventral aspects 
of the mandible and is divided into two ball-like condyles arising from 
the scrobe and the ventral aspect respectively. 

The maxille (Plate II, Figs. 6, 8) of the adult are only half as long 
as those of the larva. Their width is in proportion to their length as 
about 1:2.5. They are heavily sclerotized and the sclerites are more 
clearly defined than those in the larval maxilla. The subtriangular 
cardo (ca) is not divided here. It is quite heavily sclerotized and 
bears numerous setz. The parartis (par) is visible on the dorsal 
aspect. The broad stipes (s) is subtriangular in form on the ventral 
aspect and subquadrangular on the dorsal surface. The broad base 
articulates with the latero-distal margin of the cardo. This sclerite 
is not heavily sclerotized, but it bears numerous setz on its ventral 
aspect. The palpifer (pf) is attached to the disto-lateral angle of the 
stipes. This sclerite is only heavily sclerotized along the lateral surface 
where it bears a few large seta. It is subtriangular in form. Two 
structures are articulated on its distal margin, the galea (pg) from the 
ventral aspect and the maxillary palpus (mp) from the dorsal. The palpi 
(mp) consist of four segments of unequal size, the first short, the second 
rather long and curved distally, the third short and barrel-shaped, and 
the last, long and conical, bearing numerous, conical setz (cs) on its 
rounded distal end. The basal half, only, of the first three segments is 
heavily sclerotized while all of the terminal segment except the mem- 
branous, sensory tip is sclerotized. Each of the three basal palpal 
segments bears a ring of setz on the distal margin of their sclerotic 
bands but the distal segment only bears a few along its lateral surface. 
The two-segmented galea arises from the ventral aspect of the palpifer 
in this form rather than from the stipes. Its proximal segment, the 
proxagalea (pg), is rather conical in shape with the apex articulating 
with the palpifer. It is heavily sclerotized, but bare. The distal 
segment, the distagalea (dg), is a soft, membranous lobe which bears a 
dense crown of seta, the galarastra (gls). The subgalea (sg) articulates 
with the mesal margin of the stipes. This subquadrangular sclerite 
bears no setz, but is sparsely punctate on both the ventral and dorsal 
aspects. A heavily sclerotized band passes along the lateral margin 
of the ventral aspect from its base to the proximal end, where it marks 
the articulation of the lacinia with the subgalea. The lacinia consists 
of two parts. A long, slightly curved hook (dh) which projects proxi- 
mad, lies on the ventral aspect. The second part, lying on the dorsal 
aspect, is a large membranous lobe with a dense covering and crown of 
setze, possibly comparable to the lacinarastra (lac). 


The prepharyngeal structures of the adult differ in many points from 
those of the larva. The adult propharynx is subquadrangular in shape 
rather than subtriangular. Arising from the distal and lateral margins 
of the labrum, the membranous epipharynx (Plate II, Fig. 4, 5, ex:, ex) 
extends outward, then bends back upon itself abruptly, forming a thin, 
membranous rim around the edge of the labrum (lab) as well as its 
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ventral lining. There is a marked difference in the size and arrange- 
ment of the sete on the different parts of the epipharynx. That 
part (ex;) which forms the dorsal surface bears two or three rows of 
prominent setz along and near the lateral margins. In the mesal 
region there is a pilose area of short, spiny setz surrounding the emargi- 
tion. The most distal of these sete, which are the longest in this area, 
are about the same size as those along the lateral margins. There is a 
small region, distad to the labral margin and proximad from this pilose 
area, which is bare. That part of the epipharynx (Fig. 7, ex), which 
forms the real lining of the labrum, possesses two delicate columns of 
short setz lying on either side of the mid-line. These meso-distad 
projecting sete, which are a little larger and more numerous near the 
margin, decrease in number and size caudad until, in the proximal 
region of the epipharynx, there are only two or three on either side of the 
sensory cups. These sensory structures (tac) are similar in structure 
and position to those of the larva, but they are a little more numerous 
in the adult, and all are of the same size. Packard (1889) describes 
a similar epipharynx for Telephorus rotundicollis Say as extending 
quite far in front of the labrum, forming a thin, pale, membranous, 
pilose edge and not provided with taste cups. Van Zwaluwenburg 

imilar structure for Melanotus fissilis 
pay. In both of the cases cited, however, the epipharynx extends 
beyond only the distal margin distinctly, while in D. vulpinus F. it 


extends beyond both the lateral and distal margins of the labrum very 





(1922) describes and figures a simil 











definitely (Fig. 4 The epigusta (Fig. 7, eg) in the adult propharynx 
differs in shape from that of the larva. It is larger and is subquadrangu- 
lar for it tapers very slightly in the region of the mandoris. The 
mandoris (mdo) itself is about the same size as in the larva, but the 
sclerites bounding it are conspicuously larger. The epipharyngeal 
rods (exr) lie along the lateral margins of the epigusta. These weakly- 


1 


sclerotized structures arise as delicate and narrow sclerites at the 
torme (tor), but broaden caudad until, at the mandoris, they occupy 
two-thirds of the breadth of the propharynx. 

The adult parapharynx (prx) differs from that of the larva in several 
respects. The supporting skeletal structure (Fig. 9, prg-In, sl) lies 
ventrad to the membranous subgusta and hypopharynx while in the 
larva the pharyngea-lingula and salivias (Plate I, Fig. 6, prg-In, sl) 
lie imbedded in these membranous structures. All of the supporting 
sclerites are fused in the adult; the salivias being fused with the pharyn- 
gea-lingula on either side, while their cephalic ends are produced and 
fused on the meson, forming a broad sclerotic band projecting ventrad 
(Plate II, Fig. 9, sl). This somewhat horse-shoe shaped structure 
articulates with the epipharyngeal rods on either side of the mandoris 
(Fig. 7, mdo, exr). The convex, membranous subgusta (su) arises on 
the dorsal side of the fused pharyngea-lingula-salivias along this line 
of articulation and on the ventral side of the mandoris. The subgusta 
is densely covered with short spiny setz which point sharply caudad. 
In the adult, the membranous paraglosse (pgo) are fused dorsad on the 
meson and fused with the distal margin of the hypopharynx. These 
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prominent structures extend proximad or caudad on either side of the 
hypopharynx to fuse with the distal margin of the subgusta. In the 
larva, the paraglossz (Plate I, Fig. 6, pgo) are not fused distad, and 
they extend only a short distance latero- a The proximal 
margin of the adult hypopharynx (Plate II, Fig. 7, hx) is fused to the 
distal margin of the subgusta between the enceaheaie There is no 
distinct suture marking the fusion of the membranous, slightly convex 
hypopharynx with the subgusta and the paraglosse. It is readily 
distinguished from them, however, because it is naked while they bear 
numerous sete. There is no salivos present at the distal end of the 
hypopharynx as there is in the larva. 


The labium of the adult is a very complex structure compared to 
that of the larva. The gula and submentum, the conspicuous structures 
exposed on the ventral aspect, are strongly sclerotized. The slender 
gula (Fig. 10, gu) extending from the foramen to the submentum is 
separated from the latter by the mentasuture (msu). The gula is 
nearly twice as long as the submentum, about the same in width in 
its proximal and distal regions, but much more narrow in the middle. 
This sclerite is slightly convex laterad and bears numerous small setz 
on its ventral surface. The prominent submentum is somewhat shield- 
shaped being distinctly convex laterad and slightly convex proximad 
(Fig. 9, sm). This sclerite bears fewer setz than the gula but they are 
much longer and project ventro-distad. The tough, membranous 
mentum is not visible on the ventral aspect. Firmly attached to the 
lateral and distal margins of the submentum, it is sharply retracted 
under that sclerite. On the dorsal aspect, it forms a tough, membranous 
rim (Fig. 10, m) which extends mesad from the free margins of the 
convex submentum. MacGillivray (1923) describes a membranous 
mentum which is more or less completely retracted under the sub- 
mentum for Calosoma calidum F. and Hydrous triangularis Say. The 
inner margin of the mentum bears the fused stipula- The stipule 
are of delicate membranous structure easily pulled away from the 
tougher mentum which is stretched over the dorsal surface of the sub- 
mentum like a drumhead. The delicate stipule (Fig. 9, 11, sp) are 
very irregular in form. They are flexible and may be extended and 
contracted by muscles attached to the ental surface. This interesting 
detail of their structure is indicated by the fact that two or three folds 
appear on their cephalic surface when they are contracted (Fig. 11). 
From the inner margin of the mentum the stipule extend dorsad bearing 
the palpigers, alaglossa, and paraglosse. Caudo-dorsad they are 
attached to the skeletal structure of the parapharynx (Fig. 9). Two 
peculiar lobes project laterad from the stipule. These lobes (Fig. 9 

lb) are covered with tiny, sharp, disto-dorsad projecting spines. 
The palpigers (pp) are conspicuous structures borne on the latero- 
ventral portions of the stipulea. Cephalad the palpigers are sub- 
cylindrical in form, but they taper caudad to rather delicate cord-like 
structures which are attached to the skeletal portion of the parapharynx 
(Fig. 11). The palpigers are largely membranous but they have a 
prominent heavily sclerotized spiral band which extends along the 
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lateral surfaces from the dorso-cephalic region ventro-caudad with a 
stem-like part passing far into the elongate caudal portion. A few 
large spiny setz are borne on the latero-cephalic surfaces of the palpigers. 
Three segmental labial palpi (lp) are borne by the palpigers. The 
basal segment of the palpus is shorter than the others and has a smaller 
sclerotic band proximad. All of the segments have membranous 
regions distad to proximad sclerotic bands which bear a few setz on 
the ventral aspects. The third segment bears numerous conical setz 
(cs) on its distal end. The membranous paraglosse are conspicuous 
structures arising from the stipule dorsad and mesad to the palpigers 
(Fig. 11, pgo). They are distinctly separated on the ventral aspect 
(Fig. 11) but they extend onto both surfaces of the labium and are 
completely fused on the dorsal aspect. As mentioned above, they 
extend on the dorsal aspect caudad to fuse with the subgusta, sur- 
rounding and fusing with the hypopharynx laterad and distad. (Fig. 7, 
pgo, hx). The paraglosse bear a fringe of long hairs along their distal 
margins and minute spines project cephalad along their lateral margins. 
On the ventral aspect in the mesal region they bear a few spiny setz 
projecting distad, while in the lateral regions of this and the dorsal 
aspect they bear many small hairs arranged in sub-semi-circular lines 
parallel to their distal margins. The strongly sclerotized alaglossa 
(Fig. 11, ago) lies in the mesal region between the ventral and dorsal 
surfaces of the paraglosse. The mesarima is obsolete. The alaglossa 
is composed of two heavily-sclerotized, convex, sub-triangular structures 
of unequal length fused at their apices (Fig. 9, ago). The shorter part 
lies on the ventral aspect, the longer on the dorsal. The latter, dorsal 
part is fused with the stipulae along the dorsal surface of its caudal 
margin (Fig. 11, ago). The vestigial salivary duct, which in the adult 
has lost its taenidia, is fused with the ventral surface near the caudal 
margin of this same dorsal part of the alaglossa. There is no salivos 
or orifice of the salivary duct present. 


SUMMARY. 


The larval labrum bears numerous two-jointed hair-like 
processes near its distal margin which are found in few Coleo- 
pterous larve. These processes are articulated with conical 
bases which are integral parts of the labrum. 

The larval mandibles are very similar to those of other 
mandibulate insects, but they bear an unusual membranous 
finger-like structure, the ‘‘Weichhautiger Zapfen.”’ 

The larval maxilla have a few characteristic points of 
structure. The cardo is divided into the subcardo and the 
alacardo. The galea is attached to the palpifer. The lacinia 
consists of two parts, a bidentate sclerotic structure and a 
membranous lobe, bearing the lacinarastra. 

«The larval epipharynx bears two prominent tooth-like 
processes which are attached to sclerotized areas in the labrum. 
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The sclerotic portions of the larval parapharynx are fused 
into the pharyngea-lingula and the salivias. The hypopharynx 
is completely fused with the paraglossze except at the salivos. 

In the larval labium the gula and submentum are fused. 
The mentum is separated from the stipule only by a delicate 
suture. The paraglosse fuse with the dorsal arms of the 
stipule. 

The imaginal mandibles bear both a suprabrustia and a 
prostheca. 

The imaginal maxilla have undivided cardos. The palpifer 
bears the galea, which is divided into the proxagalea and the 
distagalea. The subgalea bears the lacinia. 

The imaginal epipharynx, extending beyond the margin of 
the labrum to which it is attached, forms a membranous rim 
there. 

In the parapharynx of the adult the supporting sclerotic 
structures lie ventrad to the subgusta and the hypopharynx. 
These structures are fused into a horse-shoe shaped arch. 

The imaginal labium has a membranous mentum which is 
retracted under the submentum. The flexible stipule, fused 
along the inner margin of the mentum, are attached caudo- 
dorsad to the skeletal structure of the parapharynx. They 
bear the palpigers, the alaglossa and the paraglosse cephalad, 
and two peculiar, spiny lobes disto-ventrad. The palpigers are 
unusual in form as they are cylindrical distad but taper to a 
mere cord where they are attached to the skeletal portion of 
the parapharynx. The paraglosse are fused with the hypo- 
pharynx and subgusta. The alaglossa lies in the mesal region 
between the ventral and dorsal surfaces of the paraglossa. 
The vestigal salivary duct is fused with the caudal margin of 
the dorsal surface of the alaglossa. 
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EXPLANATION OF PLATES. 


THe Mouth Parts. 


If the figures No. 9, Plate I and No. 12, Plate II, are taken as a standard of 1, 
then figures No. 3, Plate I, and Nos. 2, 4, 5, 11, Plate II, are drawn to the scale of 
<4 and the remaining figures are all drawn to the scale of X2. 


PLATE I. 
Larval Mouth Parts. Scale, x59. 


Fig. 1. Left Mandible, ventral view. 
Fig. 2. Left Mandible, dorsal view. 
Fig. 3. Labrum, dorsal view. 
Fig. 4. Jointed-hairs enlarged. 
Fig. 5. Left Maxilla, ventral view. 
Fig. 6. Prepharynx, internal view. 
Fig. 7. Labium, ventral view. 
Fig. 8. Labium, lateral view. 
Fig. 9. Larval head, ventral view. 

PiateE IT. 

Adult Mouth Parts. Scale, 59. 

Fig. 1. Left Mandible, ventral view. 
Fig. 2. Labrum, dorsal view. 
Fig. 3. Left Mandible, dorsal view. 
Fig. 4. Epipharynx, dorsal view. ; 
Fig. 5. Labrum and Epipharynx, longitudinal section. 
Fig. 6. Right Maxilla, ventral view. 
Fig. 7. Prepharynx, internal view. 
Fig. 8. Right Maxilla, dorsal view. 
Fig. 9. Labium, lateral view. 
Fig. 10. Gula, Submentum, and Mentum, dorsal view. 
Fig. 11. Labium with Submentum and Mentum removed, ventral view. 
Fig. 12. Adult Head, ventral view. 
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ABBREVIATIONS. 


A—mesal jointed-hair. 
ago—aloglossa. 
al—alacardo. 
ala—alarima. 
an—antenna. 

B—lateral jointed-hair. 
bs—basal segment. 
ca—cardo. 
ce—compound eye. 
cha—chitinous area. 
conp—conical projection. 
cs—conical sete. 
dd—distadentis. 
dg—distagalea. 
dh—distal hook. 
ds—distal segment. 
eg—epigusta. 
en—entoparartis. 
ex—epipharynx. 
exr—epipharyngeal rod. 
ey—exparartis. 
g—gena. 

gl—galea.. 
gls—galarastra. 
gu—gula. 
hx—hypopharynx. 
la—lacinia. 
lab—labrum. 
lac—lacinarastra. 
lah—lateral jointed-hair. 
lb—lobe of the stipule. 
le—labacoria. 
lp—labial palpus. 
m—mentum. 
ma—mandible. 


m-sm—mentum-submentum. 
md—middentis. 
mdo—mandoris. 
meh—mesal jointed-hair. 
mp—maxillary palpus. 
mr—mesarima. 
ms—maxadentis. 
par—parartis. 
pce—prostheca. 
pd—proxadentis. 
pex—propharynx. 
pf—palpifer. 
pg—proxagalea. 
pgo—paraglossa. 
pp—palpiger. 
prg-lIn—pharyngea-lingula. 
prx—parapharynx. 
ptc—postartis. 

S—stipes. 

sa—subcardo. 
sb—scrobe. 
sg—subgalea. 

sl—salivia. 

sld—salivary duct. 
sm—submentum. 
sm-gu—submentum-gula. 
so—salivos. 

sp—stipule. 
spr—suprabrustia. 
su—subgusta. 

tac—taste organ. 
tlp—tooth-like process. 
tor—torma. 
WZ—Weichhautiger Zapfen. 
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SOME ERYTHRONEURA OF THE OBLIQUA GROUP 
(HOMOPTERA, CICADELLID).* 


R. H. BEAMER, 
University of Kansas. 


The writer has been interested in this genus of insects 
since 1924 when Wm. Robinson worked out the classification 
with the male genitalia as a basis. Among the several hundred 
specimens in the Snow Entomological Collection called Ery- 
throneura obliqua (Say) great variation was found. Not only 
was there considerable variation in dorsal color pattern but 
some had very dark abdomens, others very light, some were 
very small and still others were quite large. Could all this 
variation of external appearance be accounted for by variation 
within the species? The work of Robinson had given a good 
foundation upon which to work. 

Dissection of supposedly Erythroneura obliqua males then 
began. The number of kinds of male genitalia found immedi- 
ately was almost staggering. Males with black abdomens were 
always different from those with white. Black abdomened 
males with black mesosterni were different from those with 
light mesosterni. A difference in the inverted V mark of the 
vertex showed a difference in male genital structure. The 
same was true of pronotal markings and so on. Even differ- 
ences of genital structure appeared where no apparent external 
difference was noticeable. It was even difficult to find more 
than one of a kind at first. It immediately became evident 
that the first thing to be settled was what variation, if any, 
could be expected in the male genital apparatus. Accordingly 
numerous specimens of a species, easily recognized externally, 
were selected and dissected. 

The first species chosen was E. crevecoeuri (Gill.). Six 
males of this species were taken from localities as far apart as 
possible and dissected. A comparison of genital structure 
showed them to be as near alike as six peas in the same pod. 
Several hundred dissections have thus been made of quite a 





*Contribution from the Department of Entomology, University of Kansas, 
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number of species and with like results. It seems reasonable 
to suppose then, that there would be practically no variation 
found in the genital apparatus of the same species. However, 
only after more than one thousand dissections had been made 
and the discovery that certain specimens with the same genitalia 
came from certain definite hosts, was it decided that all these 
types of genital structure were indicative of good species. 
Where but one or two specimens have been found of a kind 
they have not been included although there is no question but 
that more dissections of specimens from these localities will yield 
more of the same type. 

An effort has been made to study as many of the species 
previously named in this group as possible. Robinson’s types 
were all at hand and W. L. McAtee very generously loaned the 
writer all of his type material for dissection so that by far the 
most of the species have been studied. 

It has been found that only the posterior end of the styles 
and oedagus with its base and processes are of diagnostic value. 
The posterior portion of the style (Pl. I, Fig. 3) a, will be spoken 
of hereafter as the foot, b, the heel, c, base of foot, d, anterior 
point and e, posterior point. 

Sixty-four species and varieties are represented; seven of 
these are raised from varietal to specific rank, 44 are new and 
the male genitalia of all of them have been studied. 


KEY TO THE SPECIES. 


1. Principal color markings on ene transverse nor on most of 


SR. 15. ob GASTE es os Fora wR ws Sik od Cae he ae eee ae 
Princi ipal color markings ¢ on tegmina a not transverse or ‘covering most of 
surface, usually light colored with yellow or orange oblique vittae 17 
2. Markings transverse or covering basal half of ee, not back to 
A i a i ek ae aa i re 3 
Dark color covering tegmina at least back to cross-veins........ ee 4 


3. Narrow red band across middle; pronotum and scutellum red, 
rubroscuta (Gill.) (1) 
Red to dusky band (usually lighter in middle) across basal half of 
tegmina Es betes a banned + bon as <Reeence «eae crevecoeuri (Gill.) (2) 
4. One or two large heart-shaped white spots on median line; anterior point 


ere A Sy BG GOI o.oo ois ois occ cvoc scence ss ct aace 5 
Does eae PUNE WINES oi ai ing b's pees kaka beh oanae ss codes 7 
5. One heart-shaped or diamond-shaped apes from tip of scutellum to tip of 
RN Gott cin ce oid ark & SEE RESICE RE SURED a READS RAC eu eT 6 
Two heart- shaped spots on tegmina; bey ond cross-veins some cells 
NI 25's 5's ons Bost ofomi ate eh adsl teek SIRTE Sibi 6 SRA EOE ETN electa McA. (3) 
6. Base of oedagus with large lateral horns aah ARs ie ees bifurca n. sp. (4) 
Base of oedagus without large lateral horns................ pulchra n. sp. (5) 
7. Indefinite white spots on tegmina or sides of head white.................. 8 


OOS CORNED BY CODNO TOI. 6.5.5 Skico5 vise esp cuie chacccnvacekaedeesenane 9 
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8. Two indefinite white spots on tegmina. . iiss eoweee ears fumida (Gill.) (6) 
Tegmina black; large species .......atrimucronata n. sp. (7) 
9. Usually with more or less definite oblique stripes wihia Saletan Fae 10 
Usually evenly colored species RT eee ee 
10. Usually with definite oblique stripes 11 
Oblique stripes absent wi 9 aes Cheha ee id haar ariel eam ae ea 12 

11. Western (Ill., Kans., etc ; poste rior p int of style sickle- shaped, 
kanza vm @ 
East coast species; style with short, sharp, posterior point...varia McA. (9) 
12. Oedagus three-branched fa do ag (ee Hata alesse ara brundusa Rob. “d0) 


Oedagus with a cross-bar just before tip.................. iconica McA. (11) 


13. Tegmina colored to cross-veins ot hein cones aaa eaaes as 
Tegmina colored throughout late <6 Eh ton ‘ sath aos 
14. Tegmina semihyaline with pinkish tinge .......abolla McA. (12) 
Tegmina reddish, white hickory as host ...var. accensa McA. (13) 
15. Tegmina wine colored on costa at least...............0000. vinaria n. sp. (14) 
"TGRUAIM MOTT CUBE OF GIO ono kik Fo koe en deriv ewe cwwedes ee 
16. East coast species; oedagus with single shaft ......iconica Mc: A. (11) 
Central states species; oedagus trident-like ....brundusa Rob. (10) 
17. At least some dark color on abdomen ae aah : rere 18 
No dark on abdomen ie dak Sia shacctae ne 
18. Vittae of dorsum run together with either re dc or b lack. asmnees 19 
Vittae of dorsum not run together with red or black. aia din dat ee 


19. Vittae on vertex usually solid red; oedagus with large processes, 
lawsoniana Bak. (15) 
Vittee Co WORTOE VORIIW OF GUNG oo cicada 055 es Chesca vaduneesedus cen awewe 20 
20. Vittae on vertex broadly touching eve; shaft of oedagus with lateral 


blunt tooth one-third distance from tip... .. . 2. cceccceccecccecccsccses 21 
21. Tegmina with oblique vittae.. .......penelutea n. sp. (16) 
Tegmina without oblique stripes... ine, ......divisa McA. (17) 
22. Dorsum dark red.... rufostigmosa n. sp. (18) 
Dorsum with red stripes connec ‘ted with black. .var. subnubila n. var. (19) 
Te. Vertex with two sooty Disc GiOt0 ss «56s bck cs vecanevaeetssecuwoaxsere 24 
Vertex without two sooty bl: ar aoele , eee ~<a 
24. Face with two black spots arya , ; _....oculata McA. (20) 
Pace witht 0000 DIAC GRON8 .. ciiisinsik.os oiendsunece. seheeapenees bag uueeee 25 

25. Spots on vertex separated by diameter of one of them; pygofer with three 
processes and one spine............ ........qQuadricornis n. sp. (21) 

Spots separated by diameter of two spots; two processes and one spine on 
pygofer....... Basaratane:ootintara orca ee Bak. (22) 
25. Styles with posterior point sickle -shaped wen dca nreaie whe be Retain done ats 27 
Styles with posterior point not sickle-shaped................... 00 ce eees 28 


27. Oedagus much widened laterally with slender projection near tip, 
falcata n. sp. (23) 
Oedagus not widened, but with arcuate processes arising at base, 
none n. sp. (24) 
28. Oedagus without processes arising at base crt : shaehews 2 
Oedagus with processes arising at base.. 
Posterior point of style broad, almost parallel-sided 
Posterior point shorter, sharp, not parallel-sided....................-0005 31 
30. Darkened on median line; two lateral projections near tip ‘of oedagus, 
cotidiana n. sp. (25) 
Not darkened on median line; no processes on oedagus...cuneata n. sp. (26) 


31. Posterior point of styles narrower than anterior point................... 32 
Posterior point of styles of about same width or wider than anterior...... 35 
32. Oedagus with distinct processes just before tip 2 é igi caieacalne wwe ata 33 
Oedagus without distinct processes before tip................0 000 34 
33. Processes close to tip of shaft where they turn abruptly out... diffisa n. sp. (27) 
Processes project out from shaft directly................... torra Rob. (28) 


pO | ee reer rr ..quadrata n. sp. (29) 
Oedagus with tapered tip................. .....parvispicata n. sp. (30) 
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35. 


36. 
37. 
38. 
39. 
40. 
41. 
42. 


43. 


44. 
45. 
46. 





56. 
57. 
58. 
59. 
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Outer margin of anterior and posterior points of styles almost forming a 
straight line ; ...coarctata n. sp. (31) 
Outer margins of points ‘distinc tly ‘angle _ See ; gwancinte cide : 36 
Oedagus divided at tip.. eosbaanis oes Dea deduces aenea n. sp. (32) 
Oedagus not divided at tip...... ie aes oes enemas n. sp. (33) 
Anterior point of style about a right angle. ‘ om rae 38 
Anterior point of style not a right angle................ceeeecceees ..41 
Posterior point of style straight-sided Sahat is wie ah whiiteeis 39 
Posterior point of style curved. . ‘ vikse 10 
Processes short; close to shaft........ fulvocephala Rob. (34) 
Processes long; arise below base of shaft... ....+...penenoeva n. sp. (35) 
Processes short, arising above base of shaft...............moevus (Gill.) (36) 
Processes long, arising at base of shaft.... .. obvia n. sp. (37) 
Anterior point of style as long as or longer than re atric wiaaaten 42 
Anterior point of style shorter than posterior Peres eee re 43 
Anterior point of style twice as long as posterior; proc esses half as long as 
oedagus ee .......rubens n. sp. (38) 
Anterior point equal to ‘posterior point; proce sses almost equal to length 
of oedagus..... ......Yrubrataeniensis n. sp. (39) 
General ground color reddish brown except for a very large white spot 
occupying disc of tegmina............. ine ew dik ovis waned & REC AES eee 44 
Reena UNG UOT WIMRUIIE, 5 656.60 bis sicccscassincesvenceeagssectces snes 45 
Base of oedagus with large lateral horns..............-.....-bifurca n. sp. (4) 
Base of oedagus without large lateral NE ag ....pulchra n. sp. (5) 
Shaft of oedagus shaped like an arrowhead............sagittata n. sp. (40) 
OOS CHE I IEG BUIIIAG,. oko ii occ cv ccen sce vwecwedueocsenanees 46 


Shaft of oedagus smaller; processes with broad lanceolate tips 
funesta n. sp. (41) 
Shaft of oedagus heavier; processes curving away from shaft, with teeth 


I catch ave N ahead coh somskes cereae plena n. sp. (42) 
Posterior point of style with sides almost parallel....................0005 48 
Posterior point of style with sides converging sharply..................... 58 
Oedagus without processes arising at base of shaft....................005. 49 
Oedagus with processes arising at base of shaft............. Le een aia 55 
Oedagus without lateral projections.................sseceeeeceescseseeees 50 
Ocedagus with lateral projections. ..............-ssecsssceterensseserssens 51 
With a black dorsal stripe, oedagus very long, curved...... stolata McA. (43) 


Without a black dorsal stripe; oedagus short, posterior point very long and 
slender, albescens n. sp. (44) 


ERESTAE HOOCORNES BRAT MOINUE........ 6. occ s seco cervcescccussonsverevens 52 
ass oc 6:0 a Sis kk a ow fo ARE OEM PEGE ERR LOREAL KO 54 


Lateral processes at right angles to shaft, one-third distance from tip, 
cruciformis n. sp. (45) 


Lateral processes not at right angles to shaft................csseecececces 53 
Tip of oedagus dorso-ventrally spatulate................. spatulata n. sp. (46) 
Tip of oedagus not dorso-ventrally spatulate............ tenuispica n. sp. (47) 


Shaft of oedagus almost parallel-sided; lateral processes very short, 
volucris n. sp. (48) 


Shaft of oedagus tapering; processes larger.................. eluta McA. (49) 
Processes diverging from base of shaft almost at right angles; posterior 
MPI 5 Sing Sook on 6 caisson eles aon 6 exes OA hamata n. sp. (50) 
Processes not diverging from base of shaft...................cce cee ee eens 56 
Processes parallel with shaft entire length................ infinita n. sp. (51) 
Processes not parallel with shaft entire length......................0005: 57 
Processes bending at right angles to shaft near tips...... angularis n. sp. (52) 
Processes evenly curved out; enlarged leaf-like at tip...... latapex n. sp. (53) 
Shaft of oedagus without processes at base................ccsecccesccneee 59 
Shaft of oedagus with processes at DAS... ... 2.22... c eee cece eweeeeees 62 
Shaft of oedagus with blunt lateral teeth just before tip................... 60 
Shaft of oedagus without teeth. aT wee piaeee ast seen te ace aed 61 
Base of foot of style arcuate posteriorly................... modica n. sp. (54) 


Base of foot straight... ........6000 Zhibe oe eines a aeeade om scissa n. sp. (55) 
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61. Tip of oedagus rounded and grooved like a hoof..........cornipes n. sp. (56 
Tip of oedagus flattened and extended laterally into a cross-bar half as 
long as shaft.... Peery rr rr RG 
62. Processes at sides of shaft pi gisulredespedcecns Finneran 63 
PTOCCGEGD WORENOG 00) INO 8 ig cnc can Xe cdneae Cundenx bok @aeaben 65 
63. Processes very short, on lateral margins.... J essai modica n. ‘sp. (54 
Processes long; two-thirds length of shaft or longer... swtee -+.€ “4 
64. Processes as long as shaft. . pect ature ks -. 1. ++++-..ttidens n. sp. 
Processes two-thirds as long as shaft.....................bicornis n. sp. (: (50) 
65. Processes not over hall lemeth of ahalt. «oo ccc oc ce ccd ccceessncecenes 66 
Processes over half length of shaft. . jhe hearer 67 
66. Processes close to base of shaft; posterior point more than half as long as 
I ic neue het inatekvd wae Cached int eta ees obliqua (Say) (60 
Processes arising below base of oedagus; poster: rior point about one- third 
length base of foot; heel large....................05. magnacalx n. sp. (61) 
67. Long anterior point.... ame WeKe eR Merwe hast ene eee furcilliata n. sp. (62) 
Almost no anterior point pb eaih hn nie wid as Prep act ae aae a ale sia ad €8 
68. Oedagus with broad tip in side view...... bee ahenen - tunieuspidis n. sp. (63) 
Oedagus with very narrow tip in side view...... .....penobliqua n. sp. (64) 


1. Erythroneura rubroscuta (Gill.) 
Typhlocyba rubroscuta Gillette. Proc. U. S. Nat. Mus., vol. XX, p. 755; 1898. 


This species has been correctly identified by Robinson and 
others. It is very common in Kansas and may be taken in 
numbers on buckeye in the early spring when this tree leafs 
out. At this time the specimens are often pure white instead 
of having the two red cross bars. 

A male of the Cotype Series has been dissected and desig- 
nated as the allotype. 

Genitalia. (Pl. I, Fig. 1.) 

Style with foot rather long and narrow; heel large; base almost 
straight; anterior point sharp, directed laterally; posterior point much 
shorter than anterior, its outer margin in a direct line with outer margin 
of anterior point, inner margin forming less than a right angle with 
base of foot. These points resemble a crochet hook. Oedagus curved 


in lateral view with a pair of processes arising near base of shaft and 
extending out for about half the length of shaft. 


Allotype deposited in the U. S. Nat. Mus. 


2. Erythroneura crevecoeuri (Gill.) 
Typhlocyba crevecoeuri Gillette,C. P. Proc. U.S. Nat. Mus., vol. XX, p. 767; 1898. 

Genitalia. (Pl. I, Fig. 2.) 

Style with medium foot; heel large; anterior point short and sharp; 
posterior point broad, about half as long as base of foot, almost parallel- 
sided, converging abruptly. Oedagus long, curved in lateral view, 
ending in a widened bifid tip. 


Common on buckeye in Kansas in early spring. 
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3. Erythroneura bifurca n. sp. 


General ground color brown. Vertex tinged with orange; two small 
white spots near margin. Pronotum with a semblance of two orange 
to brown vitte. Scutellum brown or orange. Tegmina with usual 
oblique orange vitta. A light cross-band from tip of scutellum to 
tip of clavus. Venter dark. Femora dusky. 

Genitalia. (Pl. I, Fig. 3.) 

Styles with moderate foot; heavy heel; base sinuate; anterior point 
very short and narrow, projecting out; posterior point about half 
length of base of foot, almost as wide as toe. Oedagus with bifurcate 
base, shaft straight with a flattened tip; two processes arise at base of 
shaft, diverge rapidly to sides of shaft and run parallel with it for 
almost its entire length. 


Holotype, male, Cherokee Co., Kans., 1928, R. H. Beamer. 

Allotype, female, Johnson Co., Ill., March 30, 1929, R. H. 
Beamer. 

-aratypes, three males, Cherokee Co., Kans.; 2 males and 
1 female, Johnson Co., Ill.; 2 males Gallatin Co., Ill.; 1 male, 
White Co.; Il!., 4 males and 2 females, Lawrence Co., IIL, 
R. H. Beamer and P. W. Oman. 

A beautiful, distinct species of much the same appearance 
as E. pulchra n. sp. from Tenn. 


4. Erythroneura pulchra n. sp. 


General ground color reddish brown; a lighter circular cross-band 
extends from tip of scutellum to tip of clavus. Vertex with a white 
circular spot on margin either side middle, a semblance of a lighter 
median line. Pronotum with two longitudinal, oval, darker spots. 
Scutellum with tip brighter red and a median longitudinal whitish 
stripe extending from anterior margin toward tip. Clavi and coria 
with ordinary broad oblique stripes through white cross-band. Extreme 
tip of tegmina darker. Anterior half of face dark orange, remainder 
shading into black. Mesosternum black. Abdomen dark. 

Genitalia. (PI. I, Fig. 4.) 


Style with medium foot; curved base; prominent heel; smaller toe; 
anterior point narrow and short, about one-third size of posterior; the 
latter heavy, turning out and caudad, both sides curved. Oedagus 
of medium length, almost straight; ventral side hollowed out at tip; 
some close ventral processes at base. Ventrad of base of shaft a well 
developed swelling. 


Holotype, male, Nashville, Tenn., Dec., 1927; R. H. Beamer. 
Allotype, female and one paratype, same data. 
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5. Erythroneura electa McA. 
Erythroneura obliqua var. electa McAtee. Trans. Am. Ent. Soc., XLVI, p. 282; 

1920. 

General ground color milky white. Vertex with inverted orange V 
whose outer margin follows edge of eyes; continued across pronotum 
as a pair of diverging or widening vitte. Scutellum mostly reddish; 
white vittze may be present. Tegmina dusky with customary oblique 
orange vittz on clavi and coria; two contiguous, heart-shaped white 
spots on median line between tip of scutellum and tip of clavus, the 
posterior one with orange dash usually formed by continuance of 
claval vitte. Third and fourth apical cells hyaline, venter dark, 
face dusky, suffused with orange. 

Genitalia. (Pl. I, Fig. 5.) 

Style with foot small; base almost straight; heel prominent; anterior 
point third width and length of posterior, quite sharp; posterior point 
almost parallel sided, blunt pointed, about third length of foot. Oedagus 
straight, of medium length, tip flattened and widened with two parallel 
processes almost as long as shaft, with flat sword-shaped ends. 


This species is well marked by the two sharply outlined 
heart-shaped white spots on dorsum and the clear third and 
fourth apical cells. Most specimens have definite orange vittz 
on vertex and pronotum, differing in this particular from the 
original description. 


6. Erythroneura fumida (Gill.) 
Typhlocyba obliqua var. fumida Gillette. Proc. U. S. Nat. Mus., vol. XX, p. 758; 

1898. 

Dark colored species. Vertex yellowish white with an orange 
inverted V; basal part of V narrow, upper arms much enlarged. Pro- 
notum with two small, oval, diverging, orange marks not touching 
either margin. Anterior border yellowish white, remainder dusky. 
Scutellum dark, suffused with red. Tegmina dusky with three oblique 
red vittz and the following heart-shaped white spots: one at base of 
scutellum and one at tip of clavus. Face orange. Mesosternum 
shining black. Abdomen dark. 

Genitalia. (Pl. I, Fig. 6.) 

Style with foot large; base slightly sinuate; heel heavy; anterior 
point about a right angle; posterior point about as long as width of 
toe, sides converging. Oedagus, in lateral view, curved, of medium 
length, with a pair of processes arising at base of shaft, diverging 
astride shaft one-third distance before tip. 


Type, female, No. 3445 U. S. N. M. from Onaga, Kansas. 
Allotype, male, Anderson Co., Kans., Nov. 26, 1927, R. H. 
Beamer. 
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7. Erythroneura atrimucronata n. sp. 


General ground color black with a purplish tinge on tegmina. 
Margins of vertex and pronotum yellowish white. The black color 
starts in a point on the vertex and becomes wider until it occupies 
the entire dorsum near anterior end of costal plaque. Face and sternum 
pinkish. Abdomen dark. 

Genitalia. (PI. I, Fig. 7.) 

Style with foot of medium size; heel short; anterior point about 
a right angle; posterior point short, sharp, slightly bent in. Oedagus 
long, in lateral view, curved, thick, with an enlargement on ventral 
side near the middle. In ventral view there is a widening with rough 
edges near middle and tip is split into two outward projecting processes. 


Holotype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 4 females, Johnson Co., Ill., R. H. 
Beamer and P. W. Oman. 

This is one of the largest species of Erythroneura. It 
resembles in general appearance both E. stolata McA. and E. 
aclys but is larger than either one of them. 


8. Erythroneura kanza Rob. 
Erythroneura kanza Robinson. Can. Ent., Vol. LVI, No. 3, p. 58; 1924. 


Genitalia (P1. Fig. 8.) 

Styles with large foot; base sinuate; heel large; anterior point about 
a right angle; posterior point longer than foot, sickle-shaped, forming 
an even curve with base of foot. Oedagus long, slightly curved in 
lateral view, with heavy lateral processes arising just before tip, turning 
out at right angles to it. 


9. Erythroneura varia McA. 
Erythroneura abolla var. varia McA. Trans. Am. Ent. Soc., XLVI, p. 287; 1920. 


General ground color semi-hyaline to whitish becoming opaque on 
vertex and anterior margin of pronotum. Vertex dull rose colored with 
irregular shaped yellowish white spot at base and two spots on margin. 
Pronotum with lateral and anterior margins yellowish white, disc 
dusky bordered by posteriorly diverging rose vitte. Scutellum dusky 
suffused with red: Tegmina with three longitudinal rose colored 
vittz, inner one occupying outer two-thirds of clavus, second beginning 
opposite anterior end of costal plaque on Cu and ending at cross-veins 
and third on costal margin to cross-veins, except costal plaque. Abdo- 
men and mesosternum dark. Apical half of tibize dark. Face reddish 
with median light vitta. 

Genitalia. (Pl. I, Fig. 9.) 
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Style with medium foot; base almost straight; heel small, pro- 
jecting; anterior point about a right angle; posterior point one-third 
length of base of foot, narrow. Oedagus with heavy base, curved 
dorsally; a pair of processes arising at base of shaft, reaching three- 
fourths its length where they separate appearing to straddle it. Resem- 
bles genitalia of abolla McA. but differs from that species in shape of 
styles, etc. 


Externally this species resembles kanza Robinson but the 
genitalia are entirely different. 

Dissection made from Holotype, male, Mt. Vernon, Va., 
Feb. 28, 1915, W. L. McAtee. Deposited in his collection. 


10. Erythroneura brundusa Rob. 
Erythroneura brundusa Robinson. Can. Ent., Vol. LVI, No. 7, p. 155; 1924. 


Genitalia. (Pl. I, Fig. 10.) 

Style with medium foot; base straight; heel small; anterior point 
about half length of posterior, sharp; posterior point slightly narrower 
at base than anterior, about one-fourth length of foot. Oedagus 
straight with lateral processes arising before base of shaft, diverging 
from it and ending slightly beyond tip. The oedagus with its processes 
looks like a three-pronged fork or trident. 


This species is commonly taken on Gleditsia. 


11. Erythroneura iconica McA. 
Erythroneura abolla var. iconica McA. Trans. Am. Ent. Soc., XLVI, p. 287; 1920. 


General color fumose often tinged with red. Vertex yellowish 
white with a darker spot near eye at each basal angle, roughly rectangu- 
lar and extending toward apex. Pronotum with light color of lateral 
and anterior margins in shape of a semicircle; disc dark. Scutellum 
darker than rest of dorsum. Tegmina evenly dusky throughout except 
costal plaque which is whitish. Venter of abdomen and mesosternum 
dark. Face reddish with light median spot and two larger apical light 
circles touching eyes and almost one another, with a darkened dash or 
spot in their centers. 

Genitalia. (Pl. I, Fig. 11.) 

Styles with medium foot; base almost straight; heel moderate; 
anterior point about a right angle; posterior point heavy, almost as 
long as base of foot; almost parallel for a portion of their length. 
Oedeagus of medium length, slightly bent dorsally, right angled pro- 
jection with rather broad base, either side three-fourths distance to 
tip. Ends in flattened arrow head slightly wider than shaft. 


This species will be confused externally with E. brundusa 
Rob. which is a Mississippi Valley species, is larger and is 
totally unlike it in male genitalia. The internal male genitalia 
resemble those of E. divisa McA. but the oedagus is shorter, 
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base of processes on shaft are broader and the styles differ in 
shape and the pygofer hook of divisa is flat on outer curve. 
Externally divisa has a median dorsal dark stripe. 

Dissection made of a Paratype, male, Mt. Vernon, Va., 
Feb. 28, 1915. W. L. McAtee. Deposited in his collection. 


12. Erythroneura abolla McA. 
Erythroneura abolla McAtee. Trans. Am. Ent. Soc., XLVI, p. 285; 1920. 


I have seen this species only from East coast states. Speci- 
mens from Kansas, Illinois, etc., resembling it in external 
appearance, show genitalia closer to iconica McA. 


Genitalia. (PI. I, Fig. 12.) 

Style with medium foot; base almost straight; heel medium; 
anterior point short, about a right angle; posterior point broad, almost 
as long as base of foot. Oedagus almost straight to tip where it curves 
sharply dorsad; with a pair of processes arising below base of shaft, 
extending two-thirds its length, enlarged on outer half. 


Dissection made of a Paratype, male, Mt. Vernon, Va. 


13. Erythroneura abolla var. accensa McA. i 


Erythroneura abolla var. accensa McAtee. Trans. Am. Ent. Soc., XLVI, p. 288; 
1920. 


A dissection of the Allotype of accensa exhibited genitalia 


identical with those of a paratype of E. abolla McA. It is, 
therefore, correctly placed as a variety of that species. 

Six females and 2 males of this variety were taken from 
white hickory in Arkansas by the writer in August, 1928. 


14. Erythroneura vinaria n. sp. 


General ground color dusky throughout with the following wine 
colored or dusky markings: a pair of rectangular-shaped spots at base 
of vertex; some with a pair of parallel vittze on disc of pronotum not 
reaching either margin; a V-shaped mark on scuttellum; a semblance 
of a vitze near middle of clavi; a vitta following Cu from about opposite 
middle of clavus to cross-veins; and a broader stripe from humeral 
angle to cross-veins excepting costal plaque. Dorsum of abdomen 
fuscous. Mesosternum shining black. Face reddish brown. Beneath 
and about the eyes wine-red. Apex of vertex with three whitish 
spots. Some specimens are wine-red throughout. Beyond cross-veins 
darker. Some specimens have a more or less hyaline area on inner 
margin of clavi and just in front of cross-veins giving somewhat a 
banded appearance. The wine color is especially evident anterior 
to costal plaque. ‘ 

Genitalia. (Pl. I, Fig. 13.) 
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Styles with medium foot; prominent heel; base sinuate; anterior 
point about a right angle; posterior point short with sides converging. 
Oedagus of medium length, curved dorsally, quite thick from lateral 
view, has a flattened process arising at base of shaft ending in a heart- 
shaped lobe three-fourths distance to tip. Tip flattened dorso-ventrally 
and ending in a laterally widened tip. 


Holotype, male, Anderson Co., Kansas, Nov. 26, 1927; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, males 23, females 24, same data. 

This species may be picked out by its general dusky color 
with the wine colored costal stripe. 


15. Erythroneura lawsoniana Bak. 


Typhlocyba obliqua var. dorsalis Gillette. Proc. U.S. Nat. Mus., Vol. XX, p. 757; 

1898. 

Erythroneura lawsoni Baker. Phil. J. Sci., Vol. 27, p. 537; 1925. 
Erythroneura lawsoniana Baker. Phil. J. Sci., vol., 28, p. 347; 1926. 

General ground color pearly white. Vertex with inverted, triangular, 
reddish-orange colored spot, not quite touching eye at base; continued 
across pronotum as a posteriorly widening band occupying most of 
disc, in Some specimens this may be fumose near the middle; also all 
of scutellum, all of clavi except small portion at base, and on coria as a 
broad stripe beginning at middle of costal plaque and extending to 
cross-veins. Cell M,fuscous. Often the inner margin of clavi may be 
fumose. Immature specimens may be almost entirely fumose. Face 
orange to yellow, mesosternum and abdomen more or less dark. Hind 
tibial spines either dark or light. 

Genitalia. (PI. I, Fig. 14.) 

Styles with medium foot; heel large; anterior point half as long as 
posterior, one-third as wide at base; posterior point more than half as 
long as foot. Oedagus with heavy base, with large lateral processes 
as well as a pair of slender ones extending almost parallel with shaft, 
ending in ventrally recurved hooks; shaft long and slender, almost 
straight; ending in a bifid tip. 


This is one of the Erythroneura which is to be found on 
apple and in some cases does considerable damage. 


16. Erythroneura penelutea n. sp. 


General ground color opaque white. Vertex with yellow inverted 
V whose outer edges touch eyes. This inverted V continued almost 
across pronotum in form of widening red vittz. Remainder of disc 
dusky. Lateral margins and spot on anterior margin light. Scutellum 
dusky with red near tip. Tegmina with two red oblique vitte, first 
occupying outer half of clavus and other Cu from about even with middle 
of clavus to cross-veins. An orange stripe arises at base of eye and 
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extends on costal margin almost to costal plaque. Cross-veins light. 
Spots before cross-veins and apical cells dusky. Venter stramineous 
with some darker spots. 

Genitalia. (PI. I, Fig. 15.) 

Styles with average foot; sinuate base; prominent heel; anterior 
point about a right angle; posterior point almost as long as base of 
foot, sides almost parallel, inner margin forming smooth curve with 
base of foot, pygofer hook of common obdligua type. Oedagus of medium 
length, curved dorsally with a diamond-shaped process on ventral 
side about three-fourths distance to tip. Ends in a flattened and 
widened tip bent at right angles to shaft. 


Holotype, male, Douglas Co., Kans., May 1, 1926. 

Allotype, female, same data. 

Paratypes from the following localities: Douglas Co., 
Kans., May 1, 1926; 54 males and 20 females. Leavenworth 
Co., Kans., April 8, 1928; 16 males and 2 females. 

The dark coloring between vittze of pronotum and clavi 
and on scutellum give this species the appearance of a light 
colored E. rufostigmosa var. subnubilis Beamer from which it 
may be separated by the inverted V usually broadly touching 
the eye. 


17. Erythroneura divisa McA. 


Erythroneura abolla var. divisa McAtee. Florida Ent., p. 37, Vol. VIII, Nos. 3 

and 4, December, 1924. 

General ground color sulfur yellow. Vertex with a narrow median 
line reaching two-thirds distance to apex. A very light comma-shaped 
dark line either side of end of mesal line. Pronotum with lateral and 
anterior margins sulfur yellow, disc darkened by the beginning of the 
dark dorsal stripe which covers scutellum, except extreme basal angles, 
and inner half of clavi, ending at apex of tegmina. Venter mostly 
stramineous, some indication of darker spots on abdomen. Dorsum of 
abdomen much darker. 

Genitalia. (Pl. I, Fig. 16.) 

Style with medium foot; base slightly curved; heel moderate; 
anterior point about a right angle; posterior point about as long as 
base of foot, almost parallel-sided, slightly arcuate. Pygofer hook 
tends to be flattened on the outer curve. Oedagus with shaft long, 
somewhat curved in lateral view, a pair of slim processes project at 
right angles from its shaft about three-fourths distance from the tip. 
Ends in a flattened arrow-shaped process about as wide as shaft itself. 


This species was named as a variety of E. abolla McA. but 
according to the male genitalia it should be raised to specific 
rank. It is close to iconica McA. from which it may be dis- 
tinguished by having the dorsal stripe limited to the median line. 
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18. Erythroneura rufostigmosa n. sp. 


General ground color semihyaline on tegmina to opaque white 
on pronotum and vertex. Dorsally marked with a red stripe arising 
on apex and growing wider to tips of tegmina. Stripe characterized 
by a series of notches on each side, usually, a pair on the vertex and 
pronotum and two pairs on tegmina one about middle of clavus and 
another at cross-veins. This stripe composed of a large golden-yellow 
triangle with dark center occupying most of vertex from just inside of 
eyes to apex, disc of pronotum which is dark red to brown, clavi and 
posterior portion of tegmina. Clavi dark red turning to brown on 
inner margin. Corium with a broad dark red stripe arising about 
opposite middle of clavus and following Cu to cross-veins. An orange 
stripe beginning behind eyes, changing to a lemon yellow one, follows 
costal margin to cross-veins. Apex of tegmina dusky with fuscous 
spots just before the cross-veins. Venter dark with mesosternum 
darker. 

Genitalia. (P1. I, Fig. 17.) 

Styles with medium foot; base slightly curved; heel prominent; 
anterior point about a right angle; posterior point almost as long as 
base of foot, narrow, sides coverging. Pygofer hook flattened on outer 
curve. Oedagus of medium length, slightly curved in lateral view; 
ending in a flattened and laterally widened lip which turns up at right 
angles to shaft. 

Holotype, male, Scott Co., Ark., Aug. 24, 1928; L. D. 
Beamer. ; 

Allotype, female, Scott Co., Ark., Aug. 24, 1928; R. H. 
Beamer. 

Paratypes, 27 males and 46 females same data. 

This species will be confused externally with /awsoniana 
Bak. and stolata McA. It may be separated from the former 
by having vertex marked in yellow instead of red and from the 
latter by red dorsal stripe instead of a black one. 

All of the specimens were swept from scrubby willows 
growing along a rocky river bed. They were associated with 
E. rosa Rob. 


19. Erythroneura rufostigmosa var. subnubila n. var. 


General ground color opaque yellowish white; marked with a median 
dorsal stripe arising on apex of vertex and widening to tips of tegmina; 
characterized by a pair of notches on each side, vertex and pronotum, 
more pronounced than in rufostigmosa, and two pairs on tegmina less 
pronounced. A triangular orange mark occupying vertex from just 
inside eyes to apex with a median lighter dash surrounded by fuscous. 
In some specimens this triangular area has a red border with fuscous 
center. Disc of pronotum fuscous bordered by red with a semblance 
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of the median white dash, lateral margins yellowish white. Scutellum 
fuscous with trace of median white vitta. Clavus fuscous with tendency 
to red vitta in outer margin. Coria dark, from opposite middle of 
clavus, between Cu and inner margin to cross-veins. Beyond cross- 
veins fuscous. Orange vitta arising at base of eye extends on costa 
to costal plaque. Cross-veins light tinged with orange or red in some 
specimens. Venter of abdomen and mesosternum fuscous. 
Genitalia. Identical with that of rufostigmosa. 


Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kans., 1928; R. H. Beamer. 

Paratypes from the following localities: Anderson Co., 
Kans., 2 females and 6 males, 1927; Leavenworth Co., Kans., 
18 females and 17 males, 1928; Cherokee Co., Kans., 2 males, 
1927; Douglas Co., Kans., 21 females and 8 males, 1927; R. H. 
Beamer; Lawrence Co., Ill., 39 females and 29 males; Johnson 
Co., Ill., 3 females and 13 males; Wabash Co., IIl., 1 female and 
2 males, R. H. Beamer and P. W. Oman. 

This variety differs from rufostigmosa in having the red 
vittz bound solidly together by fuscous. Externally they 
appear far more different than other species that have genitalia 
totally unlike. According to their genitalia, however, one is 
just a color variety of the other. 

This variety may be confused with /awsoniana Bak. from 
which it may usually be separated by the black filled orange V 
of the vertex. 


20. Erythroneura oculata McA. 
Erythroneura oculata. Ill. Nat. Hist. Survey Bulletin, Vol. XV, Art. 11, p. 40; 

May 9, 1924. 

A series of eight females and five males were taken in the 
type locality on August 3, 1928. A female was compared with 
the Holotype and found to agree in every respect except in red 
coloring. This may be accounted for by the differences in 
collecting dates as the various species of Erythroneura all 
become darker colored and in many cases differently colored 
during the winter. 

Genitalia. (Pl. I, Fig. 18.) 

Styles simple; large heel; almost no toe. Oedagus with heavy 
shaft and large bulbous heart-shaped head. Pygofer hook single, 
sword-shaped, rather irregular in outline. 

Allotype, male. General ground color greenish yellow. Vertex 
with a dusky spot on apex with two velvety black round spots separated 
by almost one of their diameters, just posterior to it. Slight indication 
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of a dusky median vitta. Pronotum with disc darker, slightly fumose 
with a tendency to transverse row of darker spots anteriorly. Scutellum 
with a velvety black spot in basal angles. Tegmina fumose with 
lighter spots much as in vulnerata Fitch. Costal plaque greenish 
yellow with a darker cloud near middle. A darker spot at each end. 
Cross-veins whitish. Apical cells darker. Venter fumose, mesosteruum 
very dark; face dusky mesally with a velvety black spot, slightly 
smaller than those on vertex, located in front of each eye. Eyes witha 
dark spot in posterior corner. 


21. Erythroneura quadricornis n. sp. 


General ground color greenish yellow. Vertex with two circular, 
velvety black spots separated by a distance about equal to one of their 
diameters. A trace of a smoky median line. Pronotum with disc 
fumose, anterior line of this darkened area in shape of a three which 
is much darker than the rest. Scutellum with a round, velvety black 
dot in each basal angle. Tip slightly darkened in some specimens. 
Tegmina slightly smoky throughout. Veins light. Costal plaque 
yellow. Venter more or less fumose with the mesosternum much 
darker. A darkened spot in posterior corner of each eye. 

Genitalia. (Pl. I, Fig. 19.) 

Styles simple; large heel; almost no toe. Pygofer with three 
processes and an additional large seta which often is broken off in 
dissection. Oedagus broad in lateral view, ending in a recurving 
forked tip. <A pair of diverging processes arise at base of shaft extending 
toward apical ones. 

Holotype, male, Cameron Co., Texas, August 3, 1928; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 6 males and 2 females, same data. 

This species may easily be mistaken for apacha Bak. but 
may be separated from that species by the much shorter distance 
between the black spots of the vertex and by the shape of the 
oedagus and its processes and the extra process on the pygofer. 


22. Erythroneura apacha Bak. 


Typhlocyba bipunctata Gillette. Proc. U.S. Nat. Mus., Vol. XX, p. 751; 1898. 
Erythroneura apacha Baker. Phil. J. Sci., Vol. 27, p. 537; 1925. 

Genitalia. (P1. I, Fig. 20.) 

Styles simple; large heel; almost no toe. Pygofer with two processes 
and a large seta. Oedagus long, shaft heavy, ends in a pair of recurved 
processes. Another pair of processes arises at base of shaft extending 
almost to its tip. 


Dissection made from a light colored male. Victoria, Texas, 
July 29, 1903. 
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This species is close to E. quadricornis Beamer both extern- 
ally and in male genitalia. Black velvety spots on this species 
are usually distinctly farther apart, twice diameter of spots, 
while quadricornis is one diameter. The male of this species 
has but two processes on pygofer; the other has three. 


23. Erythroneura falcata n. sp. 


General ground color semihyaline to yellowish white. Vertex with 
an inverted orange V; enlarged near eyes, scarcely touching them; 
continued on pronotum as two diverging vitte, touching both margins, 
one or none; this color almost red in some specimens. Scutellum 
with tip orange, basal angles yellow. Tegmina with the customary 
three pairs of vitte. Beyond cross-veins dusky. Color of vittz 
coppery. Face orange to coppery; mesosternum dusky. Abdomen 
with dusky marks. Whole venter with a pinkish tinge. Spines of 
hind tibiz dark. 

Genitalia. (Pl. I, Fig. 21.) 

Styles with foot of medium length; heel heavy; anterior point 
about a right angle; posterior point in shape of sickle. Oedagus of 
medium length, stout, with a lateral flange which ends in a cross about 
one-third distance from tip, with knobs on the cross-arm. 


Holotype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 8 females, Johnson Co., IIl.; R. H. 
Beamer and P. W. Oman. 


24. Erythroneura harpax n. sp. 


General ground color semihyaline to whitish, light parts of tegmen 
pruinose. Vertex with red inverted V widened to follow eye from 
base of vertex to margin. Pronotum with disc darker and oval red 
spots either side mediam line not touching either margin. Tip and 
basal angles of scutellum red. Tegmina with usual vitte, coppery 
colored, margins indefinite; dark abdomen showing through to give a 
darkened effect in claval area; dusky from tip of clavi outward. Some 
specimens appear slightly dusky all over. Face orange red, mesoster- 
num dark; venter of abdomen dark, tinged with red. 

Genitalia. (Pl. I, Fig. 22.) 

Style with foot heavy; base sinuate near toe; heel very large, pro- 
truding posteriorly; anterior point very small, a mere angle; posterior 
point very long and narrow, sickle-shaped. Oedagus of medium 
length, bent dorsally near tip, with a pair of processes strongly arched 
ventrally, ending near outer portion of bend in oedagus; in ventral 
view these processes separate at base abruptly, then follow shaft to 
again diverge astride the shaft at their tip. Oedagus ends in a laterally 
flattened wedge-shaped tip. 
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Holotype, male, Nashville, Tenn., Dec., 1927; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, two males and one female same data; 2 males, 
Washington, D. C., W. L. McAtee. 

This species looks like E. kanza. Rob. and E. varia. McA. 
but is different from either in some particulars of the male 
genitalia. From varia it differs in styles, although resembling 
it in oedagus. From kanza it differs in oedagus, although 
resembling it in styles. 


25. Erythroneura cotidiana n. sp. 


General ground color semihyaline to opaque yellowish white. Vertex 
with reddish-orange inverted V; arms of V enlarged basally; continued 
across pronotum as diverging vittze. Scutellum reddish orange. Coria 
with usual three pairs of oblique stripes of same color. Between 
arms of V on vertex brownish, continuing between diverging vittze of 
pronotum, gradually growing darker across pronotum which with the 
dark abdomen, showing through semihyaline tegmina, gives the insect 
quite a darkened appearance. Dusky spots before cross-veins. From 
cross-veins to tip fumose. Face orange. Mesosternum black. Venter 
of abdomen partially darkened. 

Genitalia. (Pl. II, Fig. 23.) 

Male style with medium foot; base curved; heel large; anterior 
point about a right angle, projecting outward; posterior point extending 
at right angle to foot, long, (almost length of foot), almost parallel- 
sided. Oedagus of medium length; straight, with a short, sharp, 
laterally turning spine near tip 


Holotype, male, Tuskahoma, Okla., May 23, 1928; R. H. 
Beamer. 

Allotype, same data. 

Paratypes, five males and two females; Plummers Island, 
Maryland, January 13, 1929; W. L. McAtee. 


26. Erythroneura cuneata n. sp. 


General ground color semihyaline to opaque white, tinged with 
greenish yellow. Markings lemon yellow in summer specimens, orange 
in hibernation. Vertex with the usual inverted V very faint in summer 
specimens, well marked in overwintering ones. Usual vittz of pronotum 
faintly marked, disc darker. Scutellum darker yellow, almost orange. 
Tegmina glistening, oblique stripes faint, in usual place. Beyond cross- 
veins more or less dusky. Dorsum of abdomen dark. Venter mostly 
light but with some dark markings. 

Genitalia. (Pl. II, Fig. 24.) 

Styles with foot of moderate length; heel with small projecting 
angle. Anterior point short, projecting out and anteriorly; posterior 
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point about six times as long and almost parallel-sided; oedagus short, ° 
rather stout, curved, no processes at base, ending in a laterally flattened 
wedge-shaped tip. 


Holotype, male, Le Flore Co., Oklahoma, May 21, 1928; 
R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 8 females, same data. 


27. Erythroneura diffisa n. sp. 


General ground color yellowish white to semi-hyaline on tegmina. 
Vertex with orange inverted V. Sides of V enlarged near the eyes 
but not touching them. Pronotum with two orange vitte of varying 
width, usually reaching both margins and diverging from front to 
back. Scutellum mostly orange with median club-shaped white area. 
Tegmina with three pairs of oblique vittze. The orange pair on clavi 
broad; two pairs on coria either lemon yellow or orange. Between 
corial stripes semihyaline. Beyond cross-veins slightly dusky. Abdo- 
men with some dark markings. Mesosternum practically without 
dark color. 

Genitalia. (PI. II, Fig. 25.) 

Style with foot long; heel marked; base almost straight; anterior 
point one-half length of posterior and of about saime width at base; 
posterior point forming more than a right angle at base. Oedagus 
with straight, heavy shaft, ending in a flattened tip, with two lateral 
processes arising just before tip and bending out at right angles, almost 
flush with tip. 


| 


Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kans., 1928, R. H. Beamer. 

Paratypes, 24 males, Douglas Co., Kans., R. H. Beamer; 
1 male, Riley Co., Kans., R. H. Beamer; 1 female, Anderson 
Co., Kans., R. H. Beamer; 3 males, Douglas Co., Kans., P. B. 
Lawson; 2 males, Cherokee Co., Kans., R. H. Beamer; 2 males, 
Nashville, Tenn., R. H. Beamer; 7 males, from Gleditsia, Le 
Flore Co., Okla., R. H. Beamer; 21 females, from Gleditsia. 
Le Flore Co., Okla., R. H. Beamer; 10 females, same host, 
Douglas Co., Kans., R. H. Beamer; 1 male, Anderson Co., 
Kans. P. W. Oman. 

This species has been colected on Black Locust in both 
Kansas and Oklahoma in both yellow and orange-striped forms. 
It very often has one orange stripe and 2 lemon yellow ones. 
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28. Erythroneura torra Rob. 
Erythroneura torra. Can. Ent., Vol. LVI, No. 7, p. 155; 1924 
The character that was supposed to be diagnostic of this 
species (one orange stripe and one or two yellow) is quite variable. 
The genitalia are much better. 


Genitalia. (PI. II, Fig. 26.) 

Male. Style with medium foot; heel prominent; base of foot 
straight; anterior point slightly less than a right angle, short; posterior 
point narrow, sharp, as long as width of foot at toe, inner margin 
forming a right angle with base of foot. Oedagus long, straight, slightly 
enlarged toward tip with lateral processes just before tip, these may be 
quite broad and blunt or very thin and spine-like. Some variation is 
apparently present here. Even so the genital characters are far more 
reliable than external ones. 


29. Erythroneura quadrata n. sp. 

General ground color white. Vertex with orange inverted V; arms 
of V enlarged at tip, not or barely touching eyes; continued almost 
across pronotum with inner margins nearly parallel, and outer diverging 
posteriorly. Scutellum orange to yellow except median white bar 
which extends almost to tip. Tegmina with two parallel vitte of 
about equal width. Some dusky spots just before cross-veins, beyond 
dusky. Abdomen more or less dusky. Mesosternum black. 

Genitalia. (PI. Il, Fig. 27.) 

Styles with medium foot, short heel; anterior point short and blunt 
with different angle from posterior. Posterior point at right angles 
to foot, of medium length, slender, sides converging. Oedagus heavy, 
moderately long, flattened from dorsal view, slightly widened just 
before tip, ending in a smaller almost square-sided tip. 


Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 
Allotype, female, Douglas Co., Kansas, 1928; R. H. Beamer. 
-aratypes, 13 males, Douglas Co., Kansas; 3 males, Le 
Flore Co., Oklahoma; 6 females, Douglas Co., Kansas; 2 
females, Le Flore Co., Oklahoma; 1 male, Shawneetown, Illinois; 


R. H. Beamer. 


This species was collected on locust in Oklahoma. 


30. Erythroneura parvispicata n. sp. 


General ground color semihyaline to white. Vertex with narrow 
orange inverted V touching eye at base; continuing across pronotum 
as two diverging stripes. Scutellum more or less orange. Tegmina 
with usual orange oblique vitta, definite in outline, ending at cross- 
veins. Three more or less dusky spots before cross-veins; slightly 
dusky beyond. Abdomen more or less darkened also mesosternum. 
Spines on hind tibie dark. 

Genitalia. (PI. II, Fig. 28.) 
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Style with medium foot; heel prominent in comparison to toe. 
Foot narrowed to toe with short anterior point projecting laterally 
only. Posterior point very narrow and short, projecting latero-poster- 
iorly. Oedagus long, curved dorsally, no projections, ending in a . 
much narrowed tip. 


Holotype, male, Polk Co., Arkansas, February 21, 1928; 
R. H. Beamer. 

Allotype, female, Le Flore Co., Oklahoma, May 21, 1928; 
R. H. Beamer. 


Paratypes, seven males and eight females, same localities. 


31. Erythroneura coarctata n. sp. 

General ground color yellowish white. Vertex with an orange 
inverted V; arms greatly widened touching eyes slightly or not at all; 
continued on pronotum as two almost parallel vittee which usually do 
not touch either margin. Scutellum uniformly yellow or orange. 
Tegmina with three pairs of vitta. Large dusky areas before cross- 
veins and dusky beyond them. Face lemon yellow to orange. Meso- 
sternum dark. Abdomen more or less dark. The dark of the abdomen 
shows through the tegmina in such a manner as to give the dorsal 
view of the insect a rather two-spotted appearance without magnifica- 
tion. 

Genitalia. (Pl. II, Fig. 29.) 

Styles with narrow foot of medium length; prominent heel; anterior 
point long, narrow, at an acute angle to foot; posterior point shorter 
and broader, in same line as anterior point, their outer faces forming 
almost a straight line. Oedagus from lateral view short, curved, with 
tip compressed and wedge-shaped and a pair of sharp, short, processes 
or spines arising on the sides just before opening. 


Holotype, male, Cherokee Co., Kansas, 1927; R. H. Beamer. 
Allotype, female, same data. 
Paratypes, 9 males and 5 females, Cherokee Co., Kansas; 


R. H. Beamer. 


32. Erythroneura aenea n. sp. 

General ground color yellowish white. Coloring of over-wintering 
forms coppery, of summer forms lemon yellow. Vertex with inverted V 
with sides enlarged at tip but not or barely touching eyes. Pronotum 
with two broad vittz slightly diverging and usually not touching 
either margin. Scutellum with orange tip, yellow basal angles and 
a median longitudinal white bar reaching anterior margin. Tegmina 
with oblique coppery or lemon-yellow vittz with indefinite margins. 
One pair occupying most of clavi. Sometimes with dusky blotches 
before cross-veins and more or less dusky beyond. Winter forms 
more or less pruinose over all. Summer forms with a greenish-yellow 
appearance. Abdomen with more or less dark markings. Meso- he 
sternum almost light to very dark. 
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Genitalia. (PI. II, Fig. 30.) 

Style with medium foot; base straight; small heel; anterior point 
narrower than posterior, about half as long as base of foot; posterior 
point same length, wider at base. Oedagus large, straight and broad 
from dorsal view, tip tapering to a bifid end the parts of which bend 
out at right angles. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kansas, 1928, black locust; 
R. H. * sb 

Paratypes, 1 male, Cherokee Co., Kansas; 1 male, Nashville, 
Tenn.; 3 males and 1 female, Le Flore Co., Oklahoma; 6 males 
and 2 females, Douglas Co., Kansas; R. H. Beamer. 

This species was collected frequently from Gleditsia. 


33. Erythroneura gleditsia n. sp. 

General ground color semihyaline to yellowish white. Vertex with 
yellow inverted V; widened at base of arm to almost touch eyes; con- 
tinued across pronotum as two slightly diverging yellow vittz; basal 
angles, lateral margins and tip of scutellum yellow; tegmina with usual 
three pairs of lemon-yellow (summer specimens) oblique stripes, other- 
wise almost hyaline; dorsum of abdomen black; venter of abdomen 
more or less black and mesosternum fuscous. 

Genitalia. (PI. Il, Fig. 31 

Styles with foot long and narrow; heel well marked; anterior point 
wide at base, about half as long as posterior point, projecting out and 
slightly anteriorly; posterior point broad, its inner side forming an 
even curve with base of foot, its outer an obtuse angle with anterior 
point. Oedagus long, almost straight with apical fifth bent dorsally 

Holotype, male, Le Flore Co., Oklahoma, May 24, 1928; 
R. H. Beamer. 

Allotvype and one Paratype, same data. Taken on honey 
locust. 


34. Erythroneura nS ge Rob. 
Erythroneura fulvocephala. Can. Ent., Vol. LVI, No. 7, p. 155; 1924. 

Genitalia. (PI. II, Fig. 32.) 

Styles with medium foot; heel medium, about as in obliqua (Say); 
anterior point about a right angle; posterior. point narrow, about two- 
thirds length of base of foot, sides converging, shorter than in obliqua. 
Oedagus curved dorsally in lateral view, with a pair of processes arising 
above base of shaft and extending about half its length. 


This species may be separated from obliqua by its dark 
venter, by the curved oedagus in lateral view, by the processes 
arising away from base of oedagus and by the posterior point 
of style being shorter. 
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35. Erythroneura penenoeva n. sp. 


General ground color semihyaline to opaque white. An irregular- 
sided yellow inverted V on vertex. Two posteriorly diverging yellow 
vitte on pronotum. Scutellum usually fuscous, in some specimens 
basal angles with black spots, remainder brown. The usual three 
yellow or orange vitte on tegmina, following Cu from about opposite 
middle of clavus to cross-veins. Three dusky spots before cross-veins. 
Apical cells dusky. Venter of abdomen dark. Mesosternum and 
dorsum of abdomen darker. Face golden yellow. 

Genitalia. (PI. ‘11, Fig. 33.) 

Styles with short foot; moderate heel; anterior point about a right 
angle; posterior point about as long as foot, sides converging. Oedagus 
of medium length, curved dorsally with a pair of apically thickened 
processes arising slightly above base of shaft, paralleling it, and diverg- 
ing astride the shaft at their tip. 


Holotype, male, Douglas Co., Kansas, June, 1926; R. H. 


Beamer. 

Allotype, female, same data. 

Paratypes, 26 males and 6 females, Douglas Co., Kans.; 
3 males and 6 females, Anderson Co., Kans., 1927; 26 males 
and 16 females, Leavenworth Co., Kans., 1928; R. H. Beamer. 

This species will be confused with E. noevus (Gill.). It 
may be separated from it by having a dark colored abdomen, 
a darker mesosternum and by the male genitalia. 


36. Erythroneura noevus (Gill.) 
Typhlocyba obliqua var. noevus Gillette. Proc. U. S. Nat. Mus., Vol. XX, p. 757; 

1898. 

General ground color pearly white. Vertex with bright red inverted 
V touching eyes at margin. V continued across pronotum as two 
diverging red vitta. Posterior part between these vittz dusky, re- 
mainder of pronotum pearly white. Scutellum dusky, the posterior 
angles usually darker. Tegmina marked with oblique red vitta; claval 
vittz widest, beginning at humeral angle and following claval suture 
to tip. A pair of corial vitte arise opposite anterior end of costal 
plaque and follow Cu to cross-veins. Costal margin from humeral 
angle to costal plaque with a narrow red vitta. Beyond cross-veins 
often slightly dusky. Abdomen pearly white, face orange. Meso- 
sternum either almost entirely fuscous or with at least a fuscous spot 
on either side. 

Genitalia. (P. II, Fig. 34.) 

Style with medium foot; heel moderate, with slight hook to point; 
base almost straight; anterior point almost a right angle; posterior point 
almost as long as foot, rather broad, almost parallel-sided. Oedagus 
with short slightly curved shaft, a pair of processes arising above base 
of shaft and diverging at a wide angle. In lateral view a wide space 
is visible between base of oedagus and base of processes. 
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37. Erythroneura obvia n. sp. 


General ground color semihyaline to opaque white. Vertex with 
inverted orange V with an outward projecting tooth near eye. Prono- 
tum crossed with two diverging orange stripes. Scutellum with tip 
and basal angles orange. Tegmina with usual orange oblique stripes, 
usually more or less dusky spots before cross-veins. Beyond cross- 
veins more or less dusky. Mesosternum dark, also more or less of 
abdomen. 

Genitalia. (PI. II, Fig. 35.) 

Style with medium foot; large projecting heel; anterior point about 
a right angle; posterior point long and narrow; sides almost parallel. 
Base of foot and inner margin of posterior point forming almost a 
semicircle. Oedagus of medium size, rather stout at base with 2 
processes arising at base and curving out near tip; ending in a laterally 
flattened dorsally curving tip. 


In Kansas specimens, the base of foot is nearer straight and 
the posterior point is wider. 

Holotype, male, Polk Co., Arkansas, August 21, 1928; R. H. 
Beamer. 

wAllotype, female, same data. 

-aratypes, 8 males, Cherokee Co., Kansas, August 31, 1929, 
R. H. Beamer; 3 males, Scott Co., Arkansas, August 21, 1929, 
L. D. Beamer; 2 males, Le Flore Co., Oklahoma, May 21, 1928, 
R. H. Beamer; 5 males, Nashville, Tenn., December, 1927, 
R. H. Beamer; 1 male, Anderson Co., Kansas, P. W. Oman. 


38. Erythroneura rubens n. sp. 

General ground color semihyaline to opaque whitish. Vertex with 
bright red, inverted V; arms widened near eyes, continued across 
pronotum as bright red diverging stripes. Tip of scutellum and 
margins of basal angles at least, bright red, sometimes a dark spot in 
either basal angle. Tegmina glistening, with typical oblique bright 
red stripes on clavus, Cu and costa. Costal plaque almost yellow. 
Slightly before and beyond cross-veins dusky. Dorsum of abdomen 
dark. Face with anterior red margin, remainder brownish yellow, 
mesosternum same color. Venter of abdomen black. Lateral margins 
of thorax bright red. 

Genitalia. (Pl. II, Fig. 36.) 

Style with narrow, rather small foot; base straight; heel small, 
distinct; anterior point long and narrow, projecting out and anteriorly; 
posterior point basally about same width, half as long and projecting 
inward almost in a line with anterior point. Oedagus of medium 
length, curved in lateral view with a pair of processes arising at base of 
shaft and reaching slightly over half its length. 


Holotype, male, Gallatin Co., Ill., March 31, 1929; R. H. 
Beamer. 
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Allotype, female, Wabash Co., Ill., March 31, 1929; P. W. 
Oman. 

Paratypes, 2 males, White Co.; IIl., 4 males, Lawrence Co., 
Ill.; 5 females, Lawrence Co., Ill.; 3 females, Wabash Co., 
Ill.; 4 females, White Co., Ill.; collected by R. H. Beamer and 
P. W. Oman. 

In the color of the markings this species resembles E. 
noevus var. parma McA. but is easily separated from it by its 
dark abdomen. 


39. Erythroneura rubrataeniensis n. sp. 

General ground color milky white. Vertex and pronotum with 
even-sided, inverted, orange V; outer edges of V touch eyes; continued 
across pronotum as even-sided slightly diverging orange stripes and 
sometimes continued over margin of vertex connecting with face. 
Scutellum orange with an elongated basal white spot and two golden 
yellow spots in each basal angle. Tegmina with three oblique orange 
vittz. Claval stripe broadest, occupying almost entire clavus. Costal 
plaque lemon yellow. Cross-veins often red; beyond more or less dusky. 
Face orange. Abdomen and mesosternum dusky. 

Genitalia. (PI. II, Fig. 37.) 

Styles with foot short; base straight; heel medium; anterior point 
sharp, about one-half as thick and about as long as posterior point. 
Oedagus with straight heavy shaft, a pair of processes arising at base 
taper rapidly, ending in slender, sharply diverging points near end of 
oedagus. 

Holotype, male, Douglas Co., Kansas; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 14 males, Cherokee Co., Kans.; 22 males, Douglas 
Co., Kans.; 7 males, Anderson Co., Kans., R. H. Beamer; 
30 males, Johnson Co., Ill., R. H. Beamer and P. W. Oman; 
2 males, Wabash Co., Ill., P. W. Oman; 19 females same 
localities and collectors. 

The prominent even-sided, inverted V crossing vertex and 
pronotum usually makes this species evident. 


40. Erythroneura sagittata n. sp. 

General ground color semihyaline to opaque white. Vertex with 
bright, even-sided, inverted orange V with or without a slight bulge 
on outside near eye; extending across pronotum as two posteriorly 
widening vitta. Scutellum mostly orange. Tegmina with usual oblique 
stripes. Cells before and after cross-veins dusky forming an indefinite 
dark cross band. Dorsum of abdomen black showing through tegmina 


as a dark cross band; thus to the unaided eye this species appears to e 
have two dark cross bands separated by a lighter one. Face reddish 


brown, darker posteriorly. Venter dark. 
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Genitalia. (Pl. II, Fig. 38.) 

Styles with foot rather short; base curved to meet posterior point; 
heel pronounced; anterior point long, narrow, projecting out in a direct 
line with base of foot; posterior point, at base, about four times as 
wide as anterior point and somewhat longer. Oedagus of medium 
length, widened near base into an arrow-shaped process, almost as 
wide as oedagus is long, with saw teeth on antero-lateral margins. 
Two processes arise at base of shaft on ventral side and extend to tip 
where they are widened slightly and have irregular teeth. Oedagus 
narrows suddenly at tip and ends in a very short cross-bar. 


Holotype, male, Gallatin Co., Ill., March 31, 1929; R. H. 
Beamer. 

Allotype, same data. 

Paratypes, 33 males, Gallatin Co., Ill, R. H. Beamer and 
P. W. Oman; 3 males, Johnson Co., Ill., R. H. Beamer; 49 
females, same data. 

This species can usually be separated from E. funesta by the 
cross-banded appearance of the tegmina and from all others by 
the male genitalia. 


41. Erythroneura funesta n. sp. 


General ground color semihyaline on tegmina to opaque white on 
head. Vertex with inverted even sided, orange V; continued across 
pronotum as two vittae whose inner margins are parallel and whose 
outer ones diverge. Scutellum orange except an antero-median 
rectangular white spot. Tegmina with customary oblique stripes, 
claval stripes broad almost covering clavi, corial stripes also broad 
giving the whole insect a red appearance. From just before cross- 
veins to tip dusky. Venter dark. 

Genitalia. (PI. I, Fig. 39.) 

Styles with medium foot; medium heel; curved base; narrow laterally 
projecting anterior point and heavy (5 to 6 times as broad as anterior) 
posterior point. Oedagus of medium length, almost straight, slightly 
narrowed at tip, and ending in a short flattened. cross-bar. Two 
processes arise ventrally at base of shaft, extend almost length of shaft 
and end in lanceolate tips. 


Holotype, male, Gallatin Co., [ll.; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 6 males, Gallatin Co., Ill, R. H. Beamer and 
P. W. Oman; numerous females same data. 

This species occurs with E. sagittata. Usually it may be 
separated from that species by the banded appearance of the 
former and always by the queer arrow-shaped oedagus of the 
latter. 
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42. Erythroneura plena n. sp. 


General ground color semihyaline to opaque yellowish white. Vertex 
with orange inverted V, even sided, enlarged near eyes and extending 
across pronotum as two enlarging diverging even-sided stripes. This 
species is characterized by its even-sided markings of vertex and pro- 
notum. Scutellum with extreme tip and basal angles orange. Tegmina 
with the usual 3 pairs of oblique vittz orange. Fuscous spots before 
cross-veins. Beyond hyaline to slightly fumose. Face orange, meso- 
sternum and venter black. 

Genitalia. (P1. II, Fig. 40.) 

Style with foot heavy basally; base straight; heel not large but 
projecting sharply inward; anterior point sharp, about one-third as 
long as posterior, extending mostly anteriorly, a slight outward trend; 
posterior point twice as broad, inner margin at right angles with base 
of foot, sides tapered to sharp point, about twice as long as width 
at base. Oedagus heavy; of medium length; almost straight in lateral 
view; dorsal side sinuate near middle and evenly rounded to tip, as 
large or larger just before tip as at base. Two processes arise just 
below base of shaft curving downward near their middle and back to 
tip of shaft. Slightly swollen and toothed near their middle. 


Holotype, male, Cherokee Co., Kans., August 21, 1927; 
R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 4 males and 1 female, Cherokee Co., Kans.; 
3 males and 6 females, Lawrence Co., Ill., R. H. Beamer. 

This species resembles rubrataeniensis in external appearance 
but it may be distinguished by smaller size, clearer tegminal 
tips and by the genital characters. 


43. Erythroneura stolata McAtee. 
Erythroneura obliqua var. stolata McAtee. Trans. Am. Ent. Soc., Vol. XLVI, 

p. 279; 1920. 

General ground color yellowish white. Dorsum marked by a median 
longitudinal fuscous stripe which begins on apex of vertex and grows 
progressively wider as it proceeds posteriorly. On tegmina this occurs 
in three steps, one near middle of clavus, second on corium about even 
with anterior end of costal plaque and the third at the cross-veins 
where it widens including all of tegmina to M; + 2. Costa orange from 
humeral angle to costal plaque. Body creamy white. Face tinged 
with orange. 

Genitalia. (PI. II, Fig. 41.) 

Styles with medium foot; heel large; anterior point almost as long 
as base of foot; curved; almost parallel sided. Oedagus very long, 
curved upward into a huge arc, shaft tapering from base to tip. 


Allotype, male, Douglas Co., Kansas, January 1, 1926; 
R. H. Beamer. 
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The type series of this species does not contain a male so 
the above mentioned specimen is designated as the Allotype. 
A male of this species determined by McAtee from Iowa and 
an immature male from Glen Echo, Md., from his collection 
were dissected and found to agree with the Kansas specimen in 
every respect. 

This species externally may be confused with E. rufostigmosa 
var. subnubila from which it can be separated by the fact that 
the latter has red oblique stripes on dorsum filled in with 
fuscous, while stolata is entirely black. 


44. Erythroneura albescens n. sp. 


General ground color semihyaline to opaque white. Vertex with 
an orange inverted V, enlarged near posterior margin and just barely 
touching eye, continued entirely across pronotum as diverging vitte. 
Tip of scutellum orange, basal angles yellow. Tegmina with three 
pairs of oblique stripes. Some specimens with dusky spots before 
cross-veins. Beyond cross-veins slightly dusky. Face with an orange 
band just below vertex, remainder yellowish, body stramineous. Pos- 
terior tibize with row of black spines. 

Genitalia. (PI. II, Fig. 42.) 

Styles with medium foot; medium heel; anterior point about a right 
angle; a very long slender, slightly tapering posterior point curving 
out near its middle. Oedagus, in lateral view, of medium length; 
curved so much that with its base it forms a large U. 


Holotype, male, Cherokee Co., Kansas, 1928; R. H. Beamer. 

Allotype, female, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Paratypes, 10 males, Johnson Co., Ill., March 30, 1929, 
R. H. Beamer; 7 males, Cherokee Co., Kans., August 31, 1927, 
R. H. Beamer; Le Flore Co., Oklahoma, 1 male, May 24, 1928, 
R. H. Beamer; 1 male, Wabash Co., Ill., March 30, 1929; 
2 females, Johnson Co., Ill., March 30, 1929, R. H. Beamer. 


45. Erythroneura cruciformis n. sp. 


General ground color milky white. Vertex with !arge inverted 
orange V, broadly touching eyes, may be connected at apex with color 
on face; continued on pronotum as a pair of sharply diverging vittez 
which do not reach posterior margin. Tip of scutellum orange, basal 
angles yellow. Tegmina with three pairs of vitte. Beyond cross- 
veins slightly dusky. Face and bar behind eyes orange. Remainder 
of body stramineous. 

Genitalia. (PI. II, Fig. 43.) 
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Styles with medium foot; medium heel; anterior point about a 
right angle; posterior point long and broad, oedagus from ventral view 
short and heavy, with a large diamond-shaped cross-bar slightly beyond 
middle. Outer tips of diamond narrow and bent dorsally in an even 
curve. 


Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Paratypes, 13 males, Douglas Co., Kansas, 1927, R. H. 
- Beamer; 6 males, Anderson Co., Kansas, 1927, R. H. Beamer; 
3 males, Cherokee Co., Kansas, 1927, R. H. Beamer; 1 male, 
Polk Co., Arkansas, 1928, R. H. Beamer; 2 males, Anderson 
Co., Kansas, P. W. Oman; 1 male, Johnson Co., Illinois, R. H. 
Beamer. 


46. Erythroneura spatulata n. sp. 


General ground color pearly white. Vertex with bright orange, 
inverted V, arms enlarged but scarcely touching eyes; continued across 
pronotum as slightly enlarging, slightly diverging vitte. Tip of 
scutellum and margins of basal angles orange, remainder of basal 
angles yellow. Coria with usual three pairs of oblique, orange stripes. 
Three dusky spots before cross-veins, fumose beyond. One row and 
sometimes a few in second row of black spines on hind tibia. Face 
orange, sternum yellow, venter of abdomen stramineous tinged, with 
orange on margins of sclerites. 

Genitalia. (PI. II, Fig. 44.) 

Styles with medium foot; base sinuate; heel large; anterior point 
small, about a right angle; posterior point about as long as foot, sides 
almost parallel, narrow, slightly sinuate laterally. Oedagus long, 
slightly curved dorsally, ending in a dorso-ventrally flattened spatulate 
tip, wider than shaft. A pair of processes arising and ending just 
before tip in lateral out-curvings. 


Holotype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Allotype, female, Johnson Co., Ill., March 30, 1929; P. W. 
Oman. 

Paratype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 


47. Erythroneura tenuispica n. sp. 


General ground color ivory white. Vertex with inverted orange V; 
tips of V widened scarcely touching eyes, continuing almost across 
pronotum as two, rather narrow, slightly diverging orange stripes. 
Scutellum with tip orange, basal angles yellow. Tegmina with usual 
3 pairs oblique orange stripes, rather narrow and well marked, beyond 
cross-veins more or less fumose, at least nearly opaque. Venter stra- 
mineous, face yellow or pinkish. 

Genitalia. (PI. II, Fig. 45.) 
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Style with medium foot and heel; base almost straight; anterior 
point about a right angle; posterior point almost as long as foot, sinuate 
on inner margin, sides nearly parallel, ending in a rounded tip. Oedagus 
rather long, heavy at base, curved; a sharp lateral spine either side just 
before tip. 


Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 
Paratypes, 7 males, Douglas Co., Kansas, 1927; R. H. 
Beamer. 


48. Erythroneura volucris n. sp. 


General ground color semihyaline to white, tinged anteriorly with 
yellow. Vertex with narrow, inverted, orange V, arms of V enlarged 
near eyes but scarcely touching them, continued across pronotum as 
two parallel-sided, diverging, orange vitte. Scutellum with basal 
angles yellow, tip orange. Coria with usual three oblique vitte, 
rather narrow but definite. Three dusky spots before cross-veins. 
Slightly fumose beyond. Face orange, sternum yellow, venter of 
abdomen stramineous. One row of spines on hind tibia brown. 

Genitalia. (Pl. II, Fig. 46.) 

Style with short, heavy foot; base straight; heel moderate; anterior 
point just a right angle; posterior point long (almost as long as base 
of foot), sharp pointed. Oedagus moderately long, dorso-ventrally 
flattened at tip ending in a narrow short cross bar, usually a bump on 
either side of shaft about three-fourths distance to tip. Pygofer hooks 
shape of a bird’s head, very flat, sometimes with sinuate apex. 


Holotype, male, Anderson Co., Kans., November 29, 1927; 
R. H. Beamer. 

Paratypes, 14 males, Cherokee Co., Kans., 1928, R. H. 
Beamer; 1 male, Bowie Co., Texas, R. H. Beamer, 1928; 
Polk Co., Arkansas, 1 male, 1928, R. H. Beamer; Le Flore Co., 
Oklahoma, 3 males, R. H. Beamer; 1 male, Wabash Co., IIL, 
1929, R. H. Beamer; 5 males, Johnson Co., Ill., R. H. Beamer, 
1929. 


49. Erythroneura eluta McA. 
Erythroneura obliqua var. eluta McAtee. Trans. Am. Ent. Soc., Vol. XLVI, p. 277; 

1920. 

This specimen was immature, therefore practically hyaline 
but had it been fully developed it would no doubt have been 
light colored with lemon-yellow or orange vitte on tegmina. 

Genitalia. (PI. III, Fig. 47.) 

Style with short foot; medium heel; anterior point a right angle; 
posterior point broad and long. Oedagus medium length with a 
diamond-shaped process on ventral side just short of apex, ends in a 
narrowed dorsally bent lip. In lateral view shaft is slightly curved. 
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Allotype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

This male from Johnson Co., IIll., had the same genital 
characters as the immature Paratype dissected. 


50. Erythroneura hamata n. sp. 


General ground color semihyaline to white. Vertex with an orange 
inverted V; arms of V enlarged and touching eyes usually quite broadly; 
continued across pronotum as two slightly diverging vitte. Scutellum 
with orange spot at tip, basal angles yellow. Tegmina with three 
pairs of vitte. Costal plaque lemon yellow. Dusky spots before 
cross-veins. Cross-veins red in some specimens, beyond them hyaline 
to slightly smoky. Face yellow to pinkish with anterior margin red 
in some specimens. Body stramineous. Legs sometimes pink. 

Genitalia. (PI. III, Fig. 48.) 

Styles with medium foot; heel medium; anterior point about a 
right angle; posterior point long, narrow and bent out forming, with the 
hollowed out base of foot, a semicircle or horseshoe. Oedagus of 
medium size almost straight with two processes arising at base of shaft, 
diverging almost at right angles and extending about two-thirds its 
length. 


There is some variation in the thickness and shape of the 
posterior points of the styles. It differs from E. infinita 
mostly in the shape of the styles, shape and form of processes 
of oedagus and in not having a row of black spines on hind 
tibia. 

Holotype, male, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 


Paratypes, 15 males and 1 female, same data; 7 males, 
Plummers Island, Md., W. L. McAtee. 


51. Erythroneura infinita n. sp. 


General ground color semihyaline to opaque yellowish white. Vertex 
with bright orange, inverted V; arms of V broadly widened against 
eyes; continued across pronotum as diverging orange stripes. Scutellum 
almost all orange or yellow, a longitudinal white spot on median line 
at base. Tegmina with customary orange vittz, with definite margins; 
slightly fumose from cross-veins to tip. Face and sides of thorax pink 
to orange, abdomen stramineous. Upper row of hind tibial spines 
usually black. 

Genitalia. (PI. III, Fig. 49.) 

Style with medium foot; prominent heel; straight base; anterior 
point almost a right angle; posterior point broad, about as long as 
foot, at right angle to it, almost parallel-sided and blunt-pointed. 
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Oedagus with rather heavy shaft; almost straight in lateral view; 
several blunt teeth ventrally near basal half. Two processes arise at 
base, slightly diverge and curve dorsally for their entire length, extend 
length of shaft. Genitalia resembles that of noevus but may be easily 
separated from that species by the processes of oedagus coming off 
close to base of shaft while those of moevus come off at some distance 
from base. 


Holotype, male, Anderson Co., Kans., November 9, 1927; 
R. H. Beamer. 

Paratypes, 16 males, same data; 2 males, Nashville, Tenn., 
1927, R. H. Beamer; 1 male, Johnson Co., Ill., 1929, R. H. 
Beamer. 


52. Erythroneura angularis n. sp. 


General ground color pearly white. Vertex with a bright orange 
inverted V with arms enlarged near each eye; continued almost across 
pronotum as two even-sided, narrow diverging vittze. Scutellum with 
tip orange, basal angles yellow. Tegmina with usual 3 pairs of narrow 
oblique vittz. Faint dusky spots just before cross-veins, beyond 
usually hyaline. Body white to stramineous except a narrow orange 
line following outer margin of face between eyes and an orange blotch 
immediately posterior to each eye. 

Genitalia. (PI. III, Fig. 50.) 

Styles with short foot ; large heel; anterior point a right angle; posterior 
point long, broad, curved. Oedagus in ventral view, short with a pair 
of processes arising at base, proceeding parallel with shaft to just 
beyond its middle and about two-thirds their length where they bend 
laterally at right angles. 


Holotype, male, Anderson Co., Kansas, November 9, 1927; 
R. H. Beamer. 

Paratypes, 8 males, Cherokee Co., Kans., 1927, R. H. 
Beamer; 3 males, Anderson Co., Kans., 1927, R. H. Beamer; 
3 males, Douglas Co., Kans., 1927, R. H. Beamer. 


53. Erythroneura. latapex n. sp. 


General ground color semihyaline to pearly white. Vertex with 
inverted orange V, broadened at apex of arms to touch eye about half 
distance to margin; continued across pronotum as two parallel-sided, 
slightly diverging, orange vitte. Tip of scutellum orange, basal 
angles orange to yellow. Coria with usual three pairs of oblique 
vittz. More or less dusky spots before cross-veins and more or less 
fumose beyond. Face tinged with yellowish orange, sternum yellow, 
venter of abdomen stramineous. 

Genitalia. (PI. III, Fig. 51.) 

Styles with heavy foot; base straight; heel prominent; practically 
no anterior point; posterior point about as long as foot, broad as apex 
of foot, of uniform width, ending in tip rounded to meet inner surface, 
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forming less than a right angle with base of foot, inner margin almost 
straight. Oedagus of medium length, viewed ventrally ends in a 
sharp point. Two processes arise basally, almost as large as shaft, 
diverge in even curve from base laterally, thickened leaf-like in apical 
third. 


Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Paratypes, 1 male, Anderson Co., Kansas., November, 1926, 
R. H. Beamer; 1 male, Nashville, Tenn., December, 1927, 
R. H. Beamer. 


54. Erythroneura modica n. sp. 


General ground color opaque white to hyaline. Vertex with inverted 
V touching eyes and extending across the pronotum as two posteriorly 
diverging vittz. Scutellum more or less marked with yellow or orange. 
Tegmina with usual three pairs of oblique vittz. A series of dark spots 
just before cross-veins. Beyond cross-veins more or less dusky. Venter 
stramineous. 

Genitalia. (Pl. III, Fig. 52.) 

Styles with foot rather small; heel rather large, projecting out 
sharply; toe much narrowed with small anterior point projecting out; 
posterior point larger, projecting in, almost forming a hook; base of 
foot convex, a character separating this species from almost all others. 
Oedagus of medium length, almost straight, with two lateral teeth or 
small blunt projections about three-quarters distance to tip, ending in 
a slightly enlarged flattened tip. 


Holotype, male, Harris Co., Texas, August 13, 1928; L. D. 
Beamer. 

Allotype, female, same data. 

Paratypes, four males, same data; 9 males, Johnson Co., 
Ill., R. H. Beamer and P. W. Oman. 


55. Erythroneura scissa n. sp. 


General ground color semihyaline to opaque yellowish white. Vertex 
with yellow or orange inverted V; arms slightly widened at tip, scarcely 
touching eyes; continued across pronotum as narrow, diverging orange 
or yellow stripes. Scutellum with tip and basal angles yellow or orange. 
Tegmina with usual three orange or yellow oblique stripes. Venter 
stramineous, sometimes one row of black spines. 

Genitalia. (P1. III, Fig. 53.) 

Styles with medium foot; medium heel; anterior point small, slightly 
less than a right angle; posterior point narrow, sharp-pointed, about 
half as long as base of foot and forming a right angle with it. Oedagus 
long; slightly curved dorsally; ending in a dorso-ventrally flattened, 
bifid tip. Shaft widened laterally into a blunt tooth just before opening. 


Holotype, male, Scott Co., Arkansas, August 23, 1928; 
R. H. Beamer. 





ee 
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Paratypes, 8 males, Johnson Co., Ill, R. H. Beamer and 
P. W. Oman. 


56. Erythroneura cornipes n. sp. 


General ground color semihvaline to yellowish white. Vertex with 
an orange or lemon-yellow inverted V, widened and touching eyes or 
nearly so. Continued across pronotum as a pair of diverging vitte. 
Scutellum with tip orange and angles yellow. Tegmina with three 
pairs of vitta. In some specimens dusky spots appear before the 
cross-veins. Beyond cross-veins slightly dusky. Venter varies from 
stramineous throughout to bright orange on face and portions of 
sternum. Two specimens from Le Flore Co., Oklahoma, collected on 
locust, May 24, 1928, have all coloring lemon yellow. 

Genitalia. (PI. III, Fig. 54.) 

Styles with medium-sized foot; heavy heel; a very blunt anterior 
point and a very narrow sharp posterior one. Oedagus with long 
curved shaft in lateral view. Widens at tip into a split hoof-like 
tip. 


Holotype, male, Anderson Co., Kansas, November, 26, 1927; 
R. H. Beamer. 

Allotype, female, Le Flore Co., Oklahoma, May 24, 1928; 
R. H. Beamer. 

Paratypes, 4 males, Anderson Co., Kansas, 1927, R. H. 
Beamer; Douglas Co., Kansas, 7 males, R. H. Beamer, 1927; 
1 male, Le Flore Co., Oklahoma, 1928; 2 males, Johnson Co., 
Ill., 1929, R. H. Beamer. 


57. Erythroneura malleiformis n. sp. 


General ground color pearly white to yellowish white. Vertex 
with inverted orange V, continued on pronotum as two parallel-sided, 
diverging, orange vittz. Scutellum with tip orange, basal angles 
yellow. Tegmina with usual three pairs orange oblique stripes, definite 
but not bright as in E. penobliqua. Three small dusky spots or none 
before cross-veins, much smaller than in E. penobliqua. Beyond 
cross-veins slightly fumose. Face with anterior margin yellowish 
orange, remainder yellow. Venter light. One row of black spines 
on hind tibia, sometimes 1-3 black spines in second row. 

Genitalia. (Pl. III, Fig. 55.) 

Styles with foot large; heel large; base straight; anterior point 
broad at base, short; posterior point narrow at base, sides tapering to 
tip, about twice as long as anterior. Oedagus short, stout, shaft 
swollen near middle, ending in a dorso-ventrally flattened tip in shape 
of a cross-bar which is about two-thirds as long as shaft. 


Holotype, male, Cherokee Co., Kans., 1928; R. H. Beamer. 
Paratypes, 1 male, Cherokee Co., Kans., R. H. Beamer; 
1 male, Lawrence Co., Ill., P. W. Oman. 
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This species externally resembles E. penobliqua, but can 
usually be separated by the much smaller black spots before 
cross-veins. 


58. Erythroneura tridens n. sp. 


General ground color semihyaline to opaque white. Vertex with 
orange inverted V, sides of V not regular and although widened at tip 
scarcely touch eyes. This V continued on pronotum, although broken 
at anterior margin, as two diverging orange vitte which do not reach 
posterior margin. Scutellum with tip orange, basal angles yellow. 
Typical oblique stripes on tegmina. Those of clavus wide, that on Cu 
and costa very narrow. Slightly fumose beyond cross-veins. Anterior 
portion of face white, remainder orange. Abdomen stramineous. 

Genitalia. (PI. III, Fig. 56.) 

Style with medium foot; heel medium; base of foot sinuate near 
posterior point; anterior point about a right angle; posterior point 
broad and short, about one-third length of foot. Oedagus long, almost 
straight, flanked on either side by a process which extends to tip, 
curving away from shaft slightly beyond middle and again at tip. 


Holotype, male, Anderson Co., Kans., September 9, 1927; 
R. H. Beamer. 

Paratypes, 7 males, Plummer’s Island, Md., W. L. McAtee; 
2 males, Urbana, IIl., Brownie’s Woods, April 2, 1925; 1 male, 
Douglas Co., Kans. 

This species resembles bicornis, but may be separated from 
it by the smaller inverted V on vertex and the longer processes 
of oedagus and the shorter posterior points. 


59. Erythroneura bicornis n. sp. 


General ground color milky white with tegmina somewhat trans- 
parent. Vertex with inverted orange V, enlarged near eyes and con- 
tinuing about two-thirds way across pronotum as diverging orange 
vittz. Basal angles of scutellum yellow, tip almost orange. Tegmina 
with three pairs of definite, rather narrow, stripes. Face more or less 
orange. Remainder of vertex and abdomen stramineous. 

Genitalia. (PI. III, Fig. 57.) 

Styles with medium foot; heel of moderate size; basé almost straight; 
anterior point a right angle, slightly bulging laterally; posterior point 
fairly broad, about two-thirds length of foot. Oedagus almost straight, 
of medium length, with a straight rather heavy process arising either 
side of shaft toward dorsal surface, diverging from shaft and ending 
three-fourths distance to tip. 


Holotype, male, Johnson Co., IIl., March 30, 1929; R. H. 
Beamer. 

Paratypes, 14 males, Plummer’s Island, Md., W. L. McAtee; 
1 male, Johnson Co., Ill., R. H. Beamer. 
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60. Erythroneura obliqua Say. 
Tettigonia obliqua Say. Acad. Nat. Sci. Phila., Vol. IV, 1825, p. 342. 


‘Body yellowish-white, with two sanguineous lines, connivent 
upon the head and scutel; hemelytra white, with two sanguineous 
lines. 

‘“‘Inhabits the United States. 

‘Body pale yellowish-white; head with two dilated sanguineous 
lines, connivent before; antennz, seta as long as the head and 
thorax, dusky; thorax with two sanguineous lines; scutel with two 
lines and tip sanguineous; hemelytra whitish, an oblique line from 
the base slightly refracted on the thinner margin, and terminating 
behind the middle of the margin; an oblique longitudinal line on 
the disk, a more abbreviated, obsolete, subcostal line, and a costal 
line from the base to the middle of the edge, sanguineous; feet 
whitish; tail rosaceous. 

“Length rather more than one-tenth of an inch. 

“Found at Engineer Cantonment, and is also common in 
Pennsylvania.” 

General ground color semihyaline to whitish. Vertex with an 
inverted orange V; arms enlarged at tips to broadly touch eyes; con- 
tinued across pronotum as diverging, oval-shaped vittz, not or scarcely 
reaching the posterior margin. Scutellum with orange tip and more 
or less on basal angles. Tegmina with three pairs of orange stripes. 
From cross-veins to tip more or less yellowish fumose. Venter stram- 
imeous throughout. 

Genitalia. (PI. III, Fig. 58.) 

Styles with medium foot; heel moderate; base straight; anterior 
point slightly projecting laterally; posterior point broad at base, about 
as long as base of foot, sides converging. Oedagus of medium size, 
almost straight in lateral view, narrowing slightly from base to tip, 
with two inconspicuous processes arising at base of shaft and extending 
for about half its length in contact with it. 


Neotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 
The name E. obliqua (Say) has been the recipient of many 
species since the time of its origin. It may be separated by 
the genitalia from all other forms. The male genitalia of 
fulvocephala Rob. probably look more like it than any other 


but fulvocephala has a dark colored abdomen and is a much 
larger species. 


61. Erythroneura magnacalx n. sp. 


General ground color pearly white. Vertex with narrow inverted V, 
enlarged at base of vertex but not or scarcely touching eyes; continued 
across pronotum as two irregular-sided, diverging vittze. Scutellum 
with tip orange, basal angles yellow. Tegmina with usual three pairs 
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of oblique orange stripes; usually three dusky spots before cross-veins; 
more or less dusky beyond. Venter stramineous. 

Genitalia. (PI. III, Fig. 59.) 

Style with foot medium; heel large; anterior point small, just a 
right angle; posterior point about as long as foot is wide at toe, sharp, 
rather slender. Oedagus curved in lateral view, of medium size, with 
a pair of processes arising at base of shaft and extending about half its 
length. 


Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Paratype, 2 males, Lawrence Co., IIl., March 31, 1929, 
R. H. Beamer; and 1 male, Lawrence Co., Ill., March 31, 1929, 
P. W. Oman. 


62. Erythroneura furcillata n. sp. 


General ground color semihyaline to milky white. Vertex with an 
inverted V, very sharp and narrow at the base, touching the eyes and 
continued across the pronotum forming two exceptionally even-sided 
orange stripes. Scutellum with orange tip and some coloring in angles 
but not as much as in most species with the oblique tegminal stripes. 
Tegmina with three pairs of orange stripes. A row of dusky spots just 
anterior to cross-veins. Beyond cross-veins usually slightly dusky. ‘ 
Face yellowed; remainder of body stramineous. These specimens were 
summer forms. Winter specimens will be much darker colored. 

Genitalia. (PI. III, Fig. 60.) 

Styles with short foot; heavy heel; anterior point long and sharp 
with its upper margin in a direct line with base of foot, posterior point 
wider and slightly longer with its inner margin curved, forming a right 
angle with the foot and the anterior point. Oedagus with moderately 
lengthened, heavy shaft, with two processes arising at base and ending 
flush with tip. 


Holotype, male, Bowie Co., Texas, July 16, 1928; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, one male, same data and three males, Caddo 
Parish, La., July 19, 1928; three females, Bowie Co., Texas, 
and three females, Caddo Parish, La., R. H. Beamer. 





63. Erythroneura unicuspidis n. sp. 


General ground color white. Vertex with orange, inverted V, 
arms of V widened, touching eyes, continued across or almost across 
pronotum as two diverging vitte. Scutellum with tip orange and 
basal angles yellow. Tegmina with usual three pairs of oblique orange 
vittz; that on claval suture broadest; second following Cu to cross- 
veins; the third on costal margin. Often dusky spots just before cross- . 
veins. Beyond cross-veins more or less dusky. Face may have an 
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orange band just beneath margin, remainder orange, pinkish or yellow. 
Body stramineous. 

Genitalia. (PI. III, Fig. 61.) 

Styles with medium foot; heavy heel; anterior point a right angle; 
posterior point sharp, rather narrow, at right angles with base of foot. 
Oedagus heavy, almost straight, with two processes arising at base and 
touching its dorsal side to tip. 


Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Paratypes, 11 males, Douglas Co., Kans., 1927, R. H. 
Beamer; 1 male, Anderson Co., Kans., R. H. Beamer, 1927; 
20 males, and 5 females, 1929, Johnson Co., Ill., R. H. Beamer; 
1 male, Shawneetown, II. 


64. Erythroneura penobliqua n. sp. 


General ground color opaque white to yellowish white. Vertex 
with orange inverted V, arms of V enlarged at base, just touching eyes; 
continued across pronotum as orange vittz whose inner margins are 
almost parallel and whose outer margins diverge posteriorly. Scutellum 
orange except small median white square at base. Tegmina with 
usual three pairs of quite red, oblique stripes. Three large fuscous 
spots before cross-veins, quite dusky from cross-veins to tip. Face 
orange, abdomen yellowish white. Hind tibia with one row of black 
spines, sometimes from 1-3 black spines in second row. 

Genitalia. (Pl. III, Fig. 62.) 

Styles with average foot; heel marked; base of foot straight; anterior 
point about a right angle; posterior point quite slender, sides converg- 
ing, about one-half length of foot. Oedagus rather stout, curved dorsally 
with some teeth on dorsal margins; ends in a dorso-ventrally flattened 
and laterally widened tip. Two processes arise slightly before base, 
enlarge near their middle and end near apical fourth of shaft in even 
lateral curves. 


Holotype, male, Johnson Co., Ill., March 30, 1929; P. W. 
Oman. . 

Allotype, female, Johnson Co., Ill., March 30, 1929; R. H. 
Beamer. 

Paratypes, 21 males, Johnson Co., Ill., 1929, R. H. Beamer 
and P. W. Oman; 1 male, Anderson Co., Kans., P. W. Oman. 

This species is close to E. obliqua (Say) in male genitalia 
but differs from that species in shape of oedagus and in havirig 
much larger and longer processes. It may be separated from 
that species externally by having hind tibia with one row of 
black spines. 








New Species of Erythroneura Puate I, 


R. H. Beamer 


Wd. 


4. pulchra 6. electa 


1, rubroscuta 2. crevecoeuri 3. bifurca 


ii | ¥O A 


6. fumida 7.atrimucronata 7a &. kanza 9. varia 10. brundusa 


Sepa 


11. ieonica i — 13. vinaria 14. lawsoniana .. >. penelutea 


| Ft iat 
— 
7. rufostigmosa 18. oculata 18a. 
4 
ff 


19. quadricornis 9% 20. apacha - 20a 21. falcata 21a. 22. harpax 


lda 16. divisa 


Genitalia of Erythroneura of the Obliqua Group. 


454 








New Species of Erythroneura Piate II. 
R. H. Beamer 


ui. | 


24. cuneata 


> 


'S. parvispicata 29. coarctata 


bd 


> 


2. fulvocephala 33. penenoeva 34, noevus 


ze 


42. albescens 43. cruciformis 44. avatulata 





Genitalia of Erythroneura of the Obliqua Group. 








New Species of Erythroneura Prate IIT. 
R. H. Beamer 


47. eluta 7a 48. hamata a. 49. infinita 50. angularis 
ha % aoe 


52. modica Ae 52b. 53. scissa 


55. malleiformis 55a. 56. tridens 


i “ 
57. bicornis 57a. 58a. 59. magnacalx 


62. penobliqua 





Genitalia of Erythroneura of the Obliqua Group. 


456 





THE LEAF-MINERS OF AQUILEGIA, WITH A DESCRIP- 
TION OF A NEW SPECIES. 


S. W. Frost, 
Pennsylvania State College. 


The cultivated columbine, Aquilegia vulgaris and the wild 
Aquilegia canadensis of North America are extensively mined 
by several species of Diptera. No Lepidoptera, Coleoptera or 
Hymenoptera are known to mine the leaves of these plants. 
No doubt the thinness of their leaves are uninviting to the 
miners of these orders, which usually prefer the leaves of trees 
or herbaceous plants. Phytomyza aqutilegiae Hardy and P. 
minuscula Gour., are well known miners of Aquilegia. P. 
aquilegie Hardy probably does not occur in North America. 
P. minuscula Gour., is abundant throughout North America 
and produces the characteristic tortuous linear mines present 
wherever Aquilegia grows. It has been confused in American 
literature with P. aquilegie Hardy.* 

Other Diptera namely; Scaptomyza graminum Fall., Phy- 
tomyza geniculata Macq., P. obscurella Fall., and P. nigra Meig., 
were recorded as miners by Brischke in 1880, but have not sub- 
sequently been reared by later specialists of leaf-miners. It is 
probable that S. graminum was reared from decaying leaves and 
that the species of Phytomyza were incorrectly determined, 
being the well known European minuscula or aquilegie. 


Phytomyza minuscula Gour. 


Phytomyza minuscula Gour. (-—ancholie R—D 1851, aqutle- 
gie R—D 1851 and aquilegie of American authors). Kalten- 
bach 1872, placed albiceps Meig., in synonymy but this species 
was subsequently removed by Becker-Bezzi, 1905. 

Dr. Martin Hering examined specimens of the so-called P. 
aquilegie of American authors, reared and sent to him by the 
writer, and determined them as minuscula Gour. 

In North America the species was first recorded from 
Connecticut by Dr. W. E. Britton under the name aquilegie 
Hardy. The species has been recorded under the same name 
by Coquillett 1898, Aldrich 1905, Melander 1913 and Frost 1928. 

*This confusion was first pointed out by J. C. H. de Meijere, Tijdschr. v. 
Entom. 69: 274-275, 1926. 
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LeaF MINES AND Pup& OF PHYTOMYZA. 


Linear mines of Phytomyza minuscula Gour. on Aquilegia vulgaris. 
Blotch mines of Phytomyza aquilegiana n. sp. on Aquilegia vulgaris. 


Linear mines of Phytomyza minuscula Gour. (ancholie R. D.) redrawn from 
Goureau, 1851. 

Blotch mine of Phytomyza aquilegie Hardy on Aquilegia vulgaris, drawn 
from a specimen from Dr. Martin Hering, Germany. 

Puparium of Phytomyza aquilegiana n. sp. 

Puparium of Phytomyza minuscula Gour. 
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In Europe the species has been recorded as a miner of 
Thalictrum as well as Aquilegia. The writer has occasionally 
seen linear mines resembling those of minuscula on Thalictrum 
in Pennsylvania but has never reared the species. In North 
America the linear mines produced by this species on Aquilegia 
are at times so numerous that every leaf on a plant may be 
inhabited. In spite of their abundance the plant seldom seems 
to suffer injury. The habits of the species have been amply 
discussed by E. N. Cory, Jl. Econ. 9, 1916. 


Phytomyza aquilegiz Hardy. 


The type of this species has apparently been lost.* Hardy’s 
original description is brief, however, it suffices to separate 
agilegie from minuscula with which it has been confused in 
American literature. Fortunately the two species are not 
closely related. Minuscula is a small shiny black species with 
small shiny seed-like or foot-ball shaped puparia. Aquilegie 
and aquilegiana are larger species more cinerous in color with 
larger dull colored puparia. Hardy, states that aguilegie make 
blotch mines also ‘‘Fronte flava.’’ Minuscula makes linear 
mines and the front is fuscous. 

Hendel 1918 places nigra Curtis in synonymy but sub- 
sequently removes it. Apparently aquilegie Hardy does not 
occur in North America. 


Phytomyza aquilegiana n. sp. 


This species runs close to the European P. aquilegie Hardy 
but makes blotch mines of a different type. It has been 
compared with a specimen determined by Dr. Martin Hering 
as P. aquilegie Hardy and differs in the following respects; 
front as wide or slightly wider than either eye, 4 fronto orbitals 
all about the same length, cheeks less than one-third eye 
height, acrostichals reaching almost to 4th pair of dorsocentrals. 

Description—A medium size species, 24% to 3 mm. Front face 
and cheeks yellow; antennal grooves darkened, palpi and sete brown 


or black, proboscis and setz yellow; orbits concolorous with front, 
darkened on upper outer angles; ocellar triangle subshining dark brown 


*Dr. Martin Hering writes, ‘‘I did not see the type of this species. . . 
I cannot say where the types of Hardy have been placed.’”’ J. W. Edwards, British 
Museum, C. G. Lamb, Cambridge Museum, and J. M. Aldrich, U. S. National 
Museum, state that they have no idea where the type might be located. 
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and continuous with occiput which is same color; cheeks less than one- 
third eye height only slightly narrowed in front; yellow of cheeks 
extending back of eye but interrupted at vertex by the dark color of 
the occiput; front as wide or slightly wider than either eye, not at all 
produced at the insertion of the antenne, sides parallel; four pairs of 
fronto-orbital bristles, all approximately the same length, a sparce 
row of small setz on orbits adjacent to the eye margin, forward pro- 
jecting and reaching from the upper to slightly below the lower pair of 
fronto-orbitals, a row of small setz on the outer hind margin of the 
head continuing down the hind margin of the cheek, broken above 
into two or three rows and numerous below, back of mouth; a single 
pair of weak oral vibrissz scarcely stronger than the accompanying 
sete along the lower margin of the cheeks; antennz entirely black, 
third segment about as broad as long, rounded at the tip and covered 
with brown pubescence, arista twice as long as third antennal segment, 
microscopically but distinctly plumose, slightly thickened on basal 
third. Mesonotum and scutellum subshiny brown lightly dusted, 
4 pairs of dorsocentral bristles, the first and second pairs slightly weaker, 
five or six irregular rows of acrostichals reaching to or almost to the 
fourth pair of dorsocentrals, numerous small setz outside the acrostichals, 
4 scutellar bristles of equal size; sides of thorax cinerous, pleural sutures 
and base of wings narrowly yellow; 1 presutural, 2 notopleurals, 2 
intraalars, 1 mesopleural, 1 sternopleural, accompanied by two or three 
smaller setz, and 1 propleural bristle. Abdomen uniformily dark 
brown; legs brown, tibiz and tarse paler. Wings hyaline, faintly 
infumed, veins 2 and 3 diverging slightly at tips, vein 4 nearly straight, 
or slightly bending near its middle, vein 5 curving gently into the wing 
margin, 2nd, 3rd and 4th sections of costa as 3-1-1™%, anterior cross 
vein 11% times its length from the division of veins 2 and 3. Halteres 
pale yellow, calypteres and fringe pale. 


) 


Holotype <o Arendtsville, Pa. May 3, 1928, reared as a 
leaf-miner on Aguilegia vulgaris. 21 paratypes from Arendts- 
ville and Ithaca, N. Y., May, July and September. The 
species runs very close to aquilegie Hardy. 


Phytomyza plumiseta Frost was recorded as a miner of 
Thalictrum and Aquilegia (Cornell Mem. 7p. 1924). but at that 
time it was confused with Aguilegiara. P. plumiseta dees not 
mine Aquilegia. 








THE BEHAVIOR OF HIBERNATING POLISTES WASPS. 


Puit Rau, 


Kirkwood, Missouri. 


We are told in the text-books that in temperate regions 
Polistes hibernate as adults.. The story goes that at the close 
of summer the queens and the males are born, and with the 
approach of cold all but the fertilized females succumb and that 
these queens hide in nooks and crannies during the winter and 
come forth in the following spring, when each one builds a nest 
independently. In a general way this is correct for Polistes 
as a genus, but when one takes the species separately and 
studies their hibernation in relation to their dissemination, 
each will be found to have unique details of its own to tell, 
and mayhap the story of each species will show sufficient 
variety to throw some light upon the relationships of the 
members of this genus. I make only a meagre offering, for 
I can throw light on the habits of only one species of Polistes, 
P. annularis, and give some incomplete notes on a few other 
species, which, however, show certain tendencies. 

My interest was first attracted to this line of observation 
by finding thousands of these wasps hibernating in clusters 
among the crevices in the rocks at Cliff Cave on April 7, 1915.* 
I returned there later, at the beginning of the nesting season, 
fully expecting to find many paper nests of this species among 
the overhanging rocks, and was disappointed to find upon 
examination that not one of the many queens had built a nest 
in the region where they had hibernated. Since then, almost 
every year a pilgrimage has been made to the point, and each 
spring I have found P. annularis, and that species only, hiber- 
nating in the same way among the same crevices, and each 
summer the rocks have been examined for nests and each 
autumn after the falling of the leaves, a survey of the trees on 
top of the bluff has been made for the evidences of their nests, 


but no trace of their presence has ever been found. Hence it 
‘ 1 


*Wasp Studies Afield, 1918, p. 283. 
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has seemed logical to decide that these P. annularis undoubtedly 
had travelled to these bluffs from a distance, and the evidence 
derived from my later work substantiates this idea beautifully. 

The limestone bluffs, fifty to a hundred feet high, are on 
the west bank of the Mississippi River, twenty miles south of 
St. Louis. The river at this point is about a mile or more 
wide; the east or Illinois shore is flat and often flooded, and 
about five miles inland is another series of limestone bluffs. 
The wasps nest among the vegetation in these lowlands during 
the summer and go to the western shore in the fall where they 
hibernate among the crevices of the rocky bluffs. 

I have already described the nests of P. annularis made at 
the slough at Chesley Island.* That point is also on the 
west shore of the Mississippi and twelve miles below Cliff Cave. 
The slough itself is the channel separating the island from the 
mainland when the river is high, but goes dry and is partly 
overgrown with willows and swamp vegetation when the river 
is low. The area thereabout is flat, river bottom, which 
runs back to an abrupt hill about one-half mile west. On 
the top of this particular hill, four years’ observations have 
never revealed a single nest of P. annularis, but P. pallipes 
always abound there. At the end of September and in the 
early half of October, however, hundreds of P. annularis come 
every year to the various clubhouses at the top and at the foot 
of this hill to hibernate. Often on warm days one sees hundreds 
coming out for an airing in the sunshine and later going 
into the cracks in the shanties. They usually occur in greatest 
abundance where the protection from the cold wind is the best, 
but I have never yet been able to find any of them hibernating 
near their nest. For instance, on February 26, 1921, in a spell 
of warm and bright weather, thousands of P. annularts were fly- 
ing about and resting in the sunshine in a plowed field at the foot 
of the hill near the club-house. Here they would fly awhile in 
an aimless languid manner, and then rest; often they could be 
picked up with the forceps. Here in this area, where none had 
built a nest in four years at least, they were abundant, while 
over near the island, where they had nested, not one hiber- 
nating P. annularis could be found on the wing in the sunshine, 
under bark or in the house boats, in the thorough search that 


*Ecology, 10: 191-200, 1929. 
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ensued that day. As it grew colder about 2:30 that afternoon, 
hundreds were seen crowding into crevices about the buildings. 
This evidence gives strong indication that the P. annularis 
population in this region leave their nesting places in the trees 
in the lowlands in the autumn and.seek winter shelter about the 
foothills, finding it about the abandoned clubhouses, and rocky 
bluffs. 

The following data give additional evidence that Polistes 
hibernate in some favorable place which is usually some distance 
from the site where they build. On April 23, 1920, a thorough 
search was made of nine club buildings (harboring nests of 
P. pallipes for four years) for pallipes queens which were about 
to build, hoping that I might be able to observe the process 
at its very beginning. But in only one shed were any of this 
species found. On two old nests of P. pallipes, near together, 
I found fifteen queens of Polistes, only three of which were 
pallipes, two annularis and ten variatus. Thus P. variatus 
predominated, although for three years no nest of P. variatus 
had been found hereabouts. This shows at least that, like 
P. annularis, P. variatus come together and seek shelter for 
hibernation at a point some distance from there old home 
site. When I approached, several of them walked away and 
out through a crack in the shed wall; several were picked up 
with the forceps and these proved to be queens. When I 
returned that evening one queen P. annularis was on a pallipes 
nest, and five queens of variatus on another, but when I again 
visited the shed, on May 28, I found no building activities had 
been undertaken here by P. variatus or P. annularis. Although 
hibernating pallipes were not seen hereabouts until the three 
were observed on April 23, on May 28 I counted thirty-one nests 
of that species. This indicates P. pallipes hibernate elsewhere 
and return to the home of their mothers to build. 

On April 2, no P. annularts were in the field of corn-stuble 
and among the old buildings where on the previous visit had 
been thousands, only a few dozens of P. annularis were to be 
found; these were seen only late in the afternoon, and they 
moved with an air of indecision or restlessness, that probably 
meant site-hunting and approaching home-building. My curios- 
ity awakened, I at once walked the half-mile to the island. The 
discoveries were ample reward for the pains. Please remember 
that on February 26 the same trip had been made and that not 
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one P. annularis could be seen there. Now, as I neared the 
region I found along the way more and more of the annularis 
on the wing, flying among the vegetation. As I reached the 
pond near the stream, I found several of them coming to the 
water’s edge to drink. In the corners of the houseboat at the 
river’s edge, more of them were at rest, which took to the wing 
at my approach; they were very alert and readily attempted 
to sting. The lethargic condition previously noted wherein I 
could easily pick them up, was not in evidence today. Very 
often when I broke a piece of loose bark from a tree I would find 
underneath it an annularis wasp, no doubt enjoying temporary 
shelter. But most important of all, when I arrived at their old 
haunts and came to the dozen or so of their old nests in various 
tree-tops, I found from eight to fifteen queens on each. They 
were not scattered about over the nests, but on each nest the 
wasps remained huddled together in a group at one edge. 
They frequently licked one another, and often the mouth-parts 
met as though they might be getting some nourishment from 
their comrades. 

Evidently, then, I had had the good fortune to catch them 
at their exodus—in fact, just as they were entering their 
promised land, which however, sadly lacked milk and honey. 
The fortunate observations of that one day show decidedly that 
they had left the quarters of their temporary winter abode 
and were migrating, moving as an unorganized mass of great 
numbers would, back to their summer habitat—in reality, 
their old home. Their migration was very similar to that 
more familiar phenomenon, the migration of birds. Finding 
that they had gone, in significant numbers, back to the old 
nests of the species, I at once jumped to the conclusion that 
those which rested on the nests were the queens which had 
lived there the year before; that this occasion was to them a 
true home-coming. It seems not at all impossible that queen 
wasps which spend the last weeks of autumn on the nests 
should remember and return to these nests after a winter’s 
absence, and there again become gregarious, lick or caress one 
another, or perhaps renew acquaintances, or revive the old 
feeling of family oneness—however you may wish to express 
it—and possibly strengthen the bond by the mutual aid of 
giving to each other some refreshment, however slight it may 
be, at this serious time of need. 
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The evidence bears me out in the theory that this home- 
coming affair is a link between the end of the hibernation period 
and the beginning of the new nests, and the dissemination of 
queens really occurs from the point of their old home instead of 
from the place of hibernation. That is probably how we can 
account for nests of P. pallipes being built in certain build- 
ings year after year, while other places which according to our 
ideas are just as desirable never have a Polistes nest. This 
method of home-coming before dessemination undoubtedly 
accounts for the growth and dissemination of the P. annularis 
population on Chesley Island as recorded by me in Ecology 
(10:191, 1929). 

So far my observations point to the conclusion that the 
habits of P. pallipes are similar in these matters. To be sure, 
I have not yet been able to discover where the pallipes popula- 
tion of this vicinity hibernates, but I know that the resident 
wasps ‘‘go away for the winter’’ somewhere, for on February 26, 
as I have already stated, not one was to be found thereabouts, 
when the annularts were so plentiful. On the later date, April 2, 
when the latter species went back to their summer home near 
the shore, these pallipes did likewise by coming home to the 
club-houses, and more than twenty were counted about the one 
building which contained their last year’s nests and by April 
18 fifty queens had nests about the buildings. 

A significant remark by Wm. T. Davis* shows that in P. 
pallipes this love for the old home site is not restricted to the 
Missouri wasps. He finds in a cemetery in New York, under 
a fallen grave stone, nests of this species built during succeeding 
seasons for four years. This causes him to say, ‘“‘Just as a 
phoebe returns each season and builds its nest in the old site, 
so succeeding generations of Polistes had done, and built their 
nest under the sheltering grave ‘stone.’’ Another significant 
observation by Davis in late autumn is that long after the nest 
had been removed and even the sheltering stone had been taken 
away, the females were still attracted to its one time site and 
the place of their birth. Even up to November 2, he found 
them there, and it is natural to surmise that, if they survived 
the winter, they would build near by next spring. 


*Proceedings Staten Island Institute of Arts and Sciences, Vol. 2: 137, 1924. 
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Polistes rubiginosis was likewise not to be found in this 
locality on that warm, sunny day in February, but on April 2 
they were conspicuous around their old homestead, which was 
between two walls. Thirty or more of these were seen coming 
to the knot-hole and otherwise behaving in a way identical with 
their conduct at the close of the previous summer.* They would 
crowd close together and lick one another, and when a P. 
rubiginosis returned from the field (if not from a longer journey) 
they would fight for the opportunity of touching its mouth with 
their own. This behavior was so similar to their conduct when 
they were watched in the preceding autumn that the observer 
could hardly realize that a winter had passed between. Whether 
these P. rubiginosis had migrated elsewhere for the winter, or 
whether they had hibernated in the space between the two 
walls, I can not tell. 

To conclude then, there does seem to be some analogy 
between the home-coming of birds after migrating to escape 
the severe winter, and the home-coming of Polistes after hiber- 
nating in sheltered spots for the same reason. Both migrations 
have the same end in view; the birds travel long distances, and 
the wasps short ones, both to return to the home region in due 
season. There is this difference however: the long-lived bird 
covers greater time and space and retains memory images longer, 
and the wasp whose life is short covers shorter distances, and 
refreshes its memory of the home site by frequent visits during 
the warm days of autumn and early spring. 


*See article in Ent. News 40: 7-13, 1929, entitled ‘‘At the End of the Season 
with Polistes rubiginosis.”’ 





OBSERVATIONS ON THE ANOPHELINI 
(CULICIDZ) OF BAHIA, BRAZIL.* 


RayMOND C. SHANNON AND NELSON C. Davis 
Yellow Fever Laboratory, Bahia, Brazil. 


The species of Anophelines treated herein were collected 
during the course of current investigations, the object of which 
is to test the ability of the wild species of Culicide to transmit 
the yellow fever virus. 

The known Anophelines of the State of Bahia“ have been 
listed twice. The species which have been collected to date 
by the writers are given in the following table which¥also 
includes the two previous lists. 


Borroul, 1904 Peryasst, 1921 Present List 
A. (N.) argyritarsis A. (N.) argyritarsis A. (N.) argyritarsis 
(as Cellia argyritarsis) (as Cellia argyritarsis) 
A. (N.) tarsimaculatus A. (N.) tarsimaculatus A. (N.) tarsimaculatus 
(as Cellia albipes) (as Cellia albimana) 
A. (N.) bachmanni 
A. (N.) albitarsis A. (N.) albitarsis 
(as Cellia brasilensis) and var. brasilensis 


A. (N.) lutzti 
(as Myzorhyuchella lutzii) 
A. (K.) crusit A. (K.) cruzii 
(as A. lustit) 
A. (Arr.) mediopunctatus <A. (Arr.) mediopunctatus A. (Arr.) mediopunctatus 
(as Cyclolepidopteron (as Cyclolepidopteron 
medio-punctatum) medio-punctatum) 
A. (Arr.) intermedius 
A. peryassut A. peryassut 
(as Manguinhosia lutzit) 
A. minor 
Stethomyia nimba Stethomyia nimba 
Chagasia fajardot 


A total of twelve species and one variety is therefore known 
to date for the State. Species listed by Bourroul and the 
present writers were collected within a radius of a few miles 
of the capital of Bahia, (Sao Salvador). The inclusion _ of 


*The studies and observations on which this paper is based were conducted 


with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation. 
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** Myzorhynchella”’ lutzii and Chagasia fajardoi indicates that 
the species listed by Peryassi came from a greater radius, 
probably from the interior, since the two species mentioned 
prefer upland regions, and are probably not to be found in 
the coastal lowlands in the vicinity of Sao Salvador. 

Three of the species at hand, Stethomyia nimba, Anopheles 
peryassut, and A. minor are of unusual interest and a detailed 
account of them is given. 


TERMINOLOGY. 


As a result of the various attempts which have been made 
in recent years to homologize the structures of the larval and 
adult stages of the Culicida, a number of views have been 
expressed which are at more or less variance with earlier inter- 
pretations. Consequently a number of changes have been 
recommended which would radically affect the old morpho- 
logial nomenclature. However, as the opinion varies some- 
what regarding the homologies and owing to the multiplicity, 
and sometimes to the cumbersomeness, of the terms which have 
been proposed, it may be well, at least for the time being, to 
retain, so far as possible, the earlier terminology for taxonomical 
work. 

There are however a number of changes which, owing to 
the absolute inaccuracies of the older views, must be adopted. 
A list of the terms in question, are here discussed. 

Sclerotized Structures.—Ferris and Chamberlain (1928), Snodgrass 
(1929), and Campbell (vide Snodgrass) have shown that the hardness 
of the so-called chitinized areas of insects is not due to a proportionate 
amount of deposited chitin, but to indeterminate substances intimately 
associated with the chitin, which were present with it when the hardening 
process begins. Further (vide Ferris and Chamberlain) that the 
magenta and acid fuchsin stains are specific, not for the chitin, but for 
the other substances (possibly of a protein nature) associated with it, 
i. e., that which causes the hardening or sclerotization. In the prepara- 
tion of specimens for staining, too prolonged treatment with alkalis 
or too intense heat will remove or alter the substances in such a way that 
the stains are not effective. 


The ninth abdominal segment of the larva.—Christophers (1922) calls 
attention to the fact that the mosquito larva possesses ten abdominal 
segments, rather than nine; that while the apparent eighth segment is 
actually this structure, the greater part of the spiracular apparatus must 
be assigned to the tergite of a hitherto unrecognized ninth abdominal 
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segment. The toothed structure in Anopheles which has been termed 
the comb, Christophers considers to be homologous with the pecten 
which is borne on the siphon in the Culicine larve, rather than to the 
eighth abdominal comb of the same; he suggests that this structure, 
which is likewise borne on the ninth segment, be called the pecten of 
Anopheles larve. The pecten plates are joined by a slender sclerotized 
arched bar which lies below the respiratory apparatus. The anal, or 
so-called ninth abdominal segment, becomes the tenth. 

Thoracic sclerites—The terms used by Dyar (1928) are employed 
here with some slight modifications. 

Merocoxa (Crampton, 1925) is substituted for the “lateral meta- 
sternal sclerite’’ of Dyar’s publication. 

Crampton has shown that the sternopleurite which superficially 
appears as a single sclerite in the Culicide, is in reality composed of two 
structures, the posterior anepisternum and the sternopleurite, the two 
having fused together. The former structure bears the prealar sete 
and for this reason, the sclerite may be called the prealar sclerite, in 
conformity with Edward’s system, (1921). In some species of Culicide, 
a more or less obvious membranous area still separates the two. This is 
usually the case in the Anophelini, while in at least some species of 
Uranotaenia, a straight line of demarcation (best seen in caustic-treated 
specimens) indicates the line of fusion. In Stethomyia nimba the 
prealar sclerite is membranous (save for the internal sclerotized spur, 
present in all Culicidz, even when the prealar sclerite is sclerotized) 
and without sete. 

The usual location and number of pleural setz present in the Ano- 
phelini are as follows: three to six propleurals; about ten on the pro- 
thoracic lobes; pronotum usually bare; three to five spiraculars; post- 
spiraculars absent; paratergite bare; about seven prealars; one to three 
upper sternopleurals; about three lower sternopleurals; and eight to ten 
upper mesepimerals. Some of the marked exceptions to the above 
arrangement are: Chagasia with about ten pronotals and the para- 
tergite clothed with scales, other setz also more numerous; Stethomyia 
with three to five sete on the prothoracic lobes, one propleural seta; no 
spiraculars, no prealars; and two upper mesepimerals. Bironella and 
some species of M yzomyia likewise lack the spiraculars (Edwards, 1924). 
Anopheles mattagrossensis, a tropical American species (specimen at hand 
from Rio Catatumba, Venezuela) has four well developed setz, widely 


separated from the upper series, and centrally situated on the mes- 


epimeron. 


THE TERMINALIA OF THE MALE ANOPHELINI. 


Terminalia (Freeborn, 1924) is an all inclusive term for the anal and 
genital structures and the abdominal segments intimately associated 
with them. In the male Culicide, owing to the fact that all of the parts 
caudad of the seventh segment undergo a torsion of 180°, whereby the 
normally ventral surface becomes secondarily dorsal, the term terminalia 
is applicable to all structures caudad of the seventh segment; and, 
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inasmuch as the parts are directed outwardly and in the same plane 
with the abdomen as a whole, the term is preferable to that of 
hypopygium (signifying ‘‘ below the rump”’) and also to that of genitalia, 
which strictly speaking applies only to the sexual organs. 

Dorsal and ventral aspects of the terminalia.—After torsion, there is 
a reversal of the dorsal and ventral aspects of the terminalia, but some 
authors call the secondarily ventral aspect, the ventral; while others 
consider it the dorsal, as if in its original position. The latter view is 
preferable, especially as the terminalia, as a rule, are mounted to show 
the anal segment uppermost. Likewise most of the figures published 
have this aspect uppermost. If necessary to avoid confusion, the 
aspects may be termed the sternal and tergal aspects respectively. 

Classification of the terminalia.—The structures are divided (Edwards, 
1920) into four groups. 
1. Theninth segment. (The eighth is without significance in the Anophelini.) 

The appendages (forceps) of the ninth segment. 


2 
3. The tenth or anal segment. 
4. The phallosome (or sclerotized parts of the genitalia). 


1. The ninth segment.—In the Anophelini both sternite and tergite 
are present, the sclerotized portions usually forming a narrow ribbon. 
The sclerotic areas vary somewhat in the different species and both 
sternite and tergite at times may be almost entirely membranous. 
Free lobe-like processes may be developed, but well differentiated setz 
are lacking. 


2. The forceps, or appendages of the ninth segment.—A pair are 
present, each consisting of three primary structures: side-piece, style, 
and appendicle (appendage of the style). A fourth structure, the 
claspette (interbasal fold) lies between the bases of the side pieces and 
is attached to them. 

(a) Side-piece—(Basistyle, etc.). A comparatively simple structure 
in the Anophelini, consisting principally of a hollow sclerotized tube. 
There may be more or less well defined sclerotic lacunze (non-sclerotized 
areas) on the inner surface, best shown in freshly stained specimens. 
The apodeme (Edwards) is in an internal prolongation of the base of 
the side-piece which shows as a strongly sclerotized curved arm. In 
addition the side-piece possesses from two to five spines, and one or 
more lobes. 


(b) Style or clasper.—A long sclerotized rod occurring at the distal 
end of the side-piece. 


(c) Appendage of the style or clasper—In the Anophelini this is a 
small spine-like structure situated at the apex of the style, but in some 
of the other Culicidz it assumes various shapes and sometimes position. 
It may be advantageous to shorten this expression to ‘“‘appendicle”’ 
(appendicula). 

(d) Clas pette—(Interbasal fold or lobes, harpagonal fold). Largely 
a membranous structure consisting of one or more lobes bearing several 
pairs of spines, some of which may be modified. Lies ventrad to the 
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phallosome between the bases of: the side-piece to which its lateral 
ends are attached. 


(e) Parabasal lobe-—The parabasal spines, located on the inner, 
basal portion of the side-pieces are usually situated on separate, well- 
defined tubercles or lobes, termed the parabasal lobes. These are 
considered to be portions of the claspette that have become attached to 
the side-pieces. 

3. The tenth or anal segment (of authors) (= proctiger of Freeborn, 
1924). In Anophelini this consists principally of a membranous cone- 
like structure, but more or less strongly sclerotized lateral arms (cerci 
Christophers, paraprocts Freeborn, 10th sternites Edwards) may be 
present. These in turn occasionally have (e.g. in Stethomyia) a spur- 
like protuberance. The epiprocts (Freeborn 1924) or tenth tergites 
(Edwards 1920) are said by Freeborn to be present in Anopheles ‘‘in the 
form of diffuse chitinization fusing with that of the paraprocts, which 
is so faint as to be indistinguishable, yet sufficiently heavy to cause 
the proctiger (anal lobe) to remain visible in potash mounts, which is 
seldom noted with the membranous parts of this organ in other genera.”’ 


4. Phallosome (Christophers, 1922) (Aedoeagus, mesosome).—‘‘ The 
phallosome * * * lies sheathed in the chitinizations of the penis 
cavity * * * springing from the ventral body wall at the base of the 
tenth segment * * * In Anopheles it forms the narrow rod-like 
organ characteristic of the genus,’’ and possesses an apical opening 
(Christophers). In addition, it may be noted that the lateral sclerotized 
arms of the phallosome in the Anophelini usually diverge basally, 
forming thereby an inverted ‘‘V.” One of the principal differences 
between Stethomyia and the other Anophelini occurs in the form of 
the phallosome of which a detailed description is given under this genus. 

The dorso-lateral plates (Christophers).—A pair present, one at the 
dorso-lateral base of each lateral arm of the phallosome. 


The junctura (Christophers) lies between the dorso-lateral plate 
and the apodeme of the side-piece. 


THE FEMALE TERMINALIA. 


For a description of the female terminalia see Christophers, 1923 
and Davis, 1925. 


TECHNIQUE 


It has been found advantageous to use several more or less recently 
proposed modifications in the method of treating insects, or their parts, 
for microscopic study. The following method has given considerable 
satisfaction. 

The entire specimen, or a portion, is boiled in a ten per cent solution 
of potassium hydroxide for two or three minutes and immediately 
transferred to a solution of acetic-alcohol, consisting of eighty parts of 
fifty per cent alcohol and twenty parts of glacial acetic acid. The 
specimens may be left indefinitely in this solution or removed after a 
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minute and placed on a slide in one or several drops of Gater’s mounting 
medium; the specimen is then ready for examination, and, by placing 
a cover slip on the specimen, a more or less permanent mount is obtained. 
The mountant proposed by Gater (1929) is a modification of the Berlese 
medium and was devised for the purpose of mounting Anopheline 
larve directly from water and for preserving them for future study. 
Its use has been found extremely convenient in studying the terminalia 
of Anophelines. In addition to the rapidity with which the specimen 
may be prepared the medium possesses sufficient consistency so that 
the specimen may be placed on the slide in any position without sub- 
sequent undue rolling. Also, the medium resists drying for a consider- 
able time, but even after drying fresh mountant or acetic alcohol may 
be added to that already on the slide. After examination, the specimen 
may be returned to the acetic alcohol solution or made into a permanent 
mount. Although sufficient time has not elapsed in order to note the 
rapidity or degree of fading, it is believed that it will not be so rapid 
or as complete as with specimens mounted in Euparol. 

Occasionally, staining will help to differentiate characters. When 
needed, specimens may be placed directly from the acetic alcohol into 
a weak solution of acid fuchsin (saure-fuchsin 0.5 grams; 10 per cent 
hydrochloric acid, 25 cc.; distilled water, 300 cc.) for an hour, washed 
briefly in 95 per cent alcohol, and then be placed in Gater’s medium. 
The stain gradually fades in the mounting medium but remains sufficient- 
ly strong for hours. After the stain fades, the specimen may be removed 
from the mountant, washed a few minutes in acetic alcohol and then 
restained. 

For staining methods see Ferris and Chamberlain, 1928, and Ferris, 
1929. Another paper (Imms, 1929) has just come to hand which 
contains the original Berlese formula and also the formula of the De 
Faure fluid which is somewhat of a similar nature. In addition, the 
paper discusses staining methods and other entomological technique. 
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DISCUSSION OF SPECIES 


Genus Stethomyia Theobald. 
Stethomyia Theobald, Journ. Trop. Med., 5: 181, 1902. 


The genus Stethomyia was established by Theobald (1902) 
with S. nimba as the genotype, although the species was not 
described until the following year (Theobald, 1903). In 1918 
Dyar reduced the genus to subgeneric rank, while Christophers 
(1924), Bonne and Bonne-Wepster (1925), and Root (1929) 
have regarded it as a complete synonym of Anopheles. As 
will be shown below, S. nimba possesses characters at such 
marked variance with the other members of Anophelini in the 
larval and adult (male and female) stages that it cannot be 
consistently treated as a member of the genus Anopheles. 


Stethomyia nimba Theobald. 


S. nimba, originally described from British Guiana, is now 
known to occur in Panama, the Guianas, and Brazil. However, 
it is only during the last ten years that breeding places of the 
larve have been found, but to date, no description of the larva 
has been given, and not until 1925 (Bonne and Bonne-Wepster) 
and 1928 (Dyar) has the male terminalia been described. In 
the descriptions of the terminalia, although certain character- 
istic features were noted, that given by these authors for the 
phallosome has been so incomplete as to leave its true nature 
unknown. 

The larva was probably found for the first time in 1923, 
in a shaded rock-enclosed spring on the Atlantic side of the 
Canal Zone (J. B. Shropshire). Bonne and Bonne-Wepster 
(1925) record finding larve in a permanent pool in Surinam. 
Chamberlain and Curry (1928) also record the occurrence of 
larve in the Canal Zone, in shaded pools associated with 
A. eiseni, A. punctimacula, and Culex declarator. The writers 
found small numbers of larve early this year (1929) on several 
occasions in a small spring-fed swamp (Piraja, Fratelli Vita, 
a few miles distant from the city of Bahia). A little later 
(June) Dr. Jose Serafim, of the Saude Publica of Bahia, found 
larve in a small temporary pool in a locality (Piraja, Barros 
Barreto) where the writers had collected mosquito larve on 
several previous occasions, and where up to this time its presence 
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had not been suspected. However, heavy rains had caused 
water to flow from temporary springs, and the water accumu- 
lating in a pool, largely shaded by trees, had created decidedly 
favorable breeding conditions. The temperature of the water 
was distinctly lower than in the unshaded pools. According 
to our local records it seems possible that the species is not 
only addicted to cool spring waters but breeds more abundantly 
in the cooler winter season. During the same month (June) 
* the writers collected several hundred larve and a few pupz 
from the last-mentioned source. Three species of Corethrella, 
one species of Dixa, and a few Culex larve were found associated 
with S. nimba in this locality, whereas in the Piraja, Fratella 
Vita, locality, larve of An. peryassuit and an undescribed species 
of Uranotenia were found along with the nimba larve, as well 
as one of the species of Corethrella and the Dixa species. The 
last-mentioned species of Corethrella is the only one of this 
group of spring-swamp-water-loving species that has been found 
to date in other types of breeding sources. 


The adults have been very little in evidence in the vicinity 
of their larval sources. Only on one occasion has a female 
been seen to attempt to bite man but owing to its extreme 
shyness, it did not actually attack. Also, on three occasions, 
attempts were made to obtain adults by using a horse as bait, 
but only one specimen was thus captured. Two adult males 
were collected with an insect net in a small well-shaded, over- 
hanging clay bank at a place apparently some distance from a 
breeding source. 

After a little experience, it became very easy to distinguish 
the larve of S. nimba at sight, chiefly by its rather short (about 
six millimeters in length) but proportionately broad appearance 
and yellowish color. 


Larvr: (Figure 1.) Antenna with a small two or three branched 
hair basad of the middle; the anterior clypeal hairs simple, rather stout, 
the median ones fairly long and well separated; the outer thoracic 
shoulder hair remarkably long, extending well beyond the anterior 
head margin; the anterior median thoracic hairs with about seven 
slender branches; the abdominal palmates represented .by extremely 
inconspicuous, transparent structures with very long (over twice the 
length of the stalk) filamentous leaflets; the lateral hairs on segments 
four to seven sparsely plumose; the spiracular openings on the ninth 
segment widely separated; this segment also bearing a pair of long, 
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slender, segmented (as seen under high magnification) hairs which 
divide midway of their length into four branches. The basal, seg- 
mentedportion (see Figure 7) resembles the cerci found in stone-fly 
nymphs (Plecoptera) and in adult Mayflies. They are quite distinct 
from the lateral papilla and their appended hairs, as these are 
likewise present, as well as from a hair borne on a membranous 
lobe ventrad of the papilla and a fourth hair attached to a heavily 
sclerotized tubercle, distad of the fossate hairs. The posterior flap is 
short and broad; each set of grappling hooks consisting of seven or eight 
hairs. 


Pupa: (Figure 2.) Closely resembles the Anopheline type. The 
trumpets are rather small, with a sub-quadrate opening and the spines 
on the eighth segment are plumose. The ‘frontal sclerite’’ of the 
cephalo-thorax is undivided as in the other Anophelini. 


Adult: Female. A small, slender mosquito with very long legs. 
Dark colored save for a patch of white scales between the eyes (the 
only white scales present in the species), and ‘the thoracic markings, 
consisting of a slender median milky white line extending from the 
anterior to the posterior margin of the mesonotum and the pale lateral 
margins of the mesonotum. The erect head scales are slender and rod- 
like, usually with blunt tips. 


Head: Antennz of normal appearance, length 1.2 mm. Proboscis 
long, 1.8 mm., and slender with appressed scales and minute sete; 
each labellum about three times as long as wide; palpus slender, slightly 
subequal to length of proboscis (1.7 mm.), clothed with appressed 
scales, and with a row of well defined sete extending on the outside 
surface for the full length of the palpus, a group of long setz present at 
the apex. 

Thorax: (Figure 23) Prothoracic lobes with but three to five well 
scattered setze; pronotum without setz or scales; prespiracular sclerite 
bare; one propleural seta; three mid- and one upper-sterno pleural 
setze; prealar sclerite membranous and without setz; two upper mese- 
pimeral setz. 

Legs: Very long and slender. Fore leg: 7.0 mm. (tibia 1.8 mm., 
basitarsis 1.7 mm.); mid legs: 7.5 mm. (tibia, 2.0 mm.; basitarsis, 2.0 
mm.); hind leg: 9.0 mm. (tibia, 2.0 mm.; basitarsis, 2.4 mm.). 

Abdomen: Dark colored, without scales, the basal sternites weakly 
sclerotized. The terminalia are essentially characteristic for the tribe, 
save that the ninth sternite is fairly well developed (see Figure 10), 
and the cerci are rather long and slender (4 by 1). Only scattered 
setz are present on the cerci. 

Wings: Scales entirely dark, narrow; length 3.3 mm.; width 0.8 mm. 
Halteres with appressed dark scales. 

Male: Third palpal joint fused with the second. Claws essentially 
the same as in the other American Anophelini. 
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TERMINALIA: Ninth Segment.—Composed of both tergite and stern- 
ite, the two being weakly fused together laterally. The tergite is 
divided at its middle and has a pair of comparatively poorly developed 
lobe-like processes (Figure 8) which probably correspond to the more 
fully developed processes found in the species of the group Anopheles 
(subgenus Anopheles). 

Anal Segment: Conical, largely membranous but with a pair of 
sclerotized sternites (paraprocts, Freeborn). Each of these has a 
ventrally directed spur, the tip of which is opposed to the modified 
spines of the claspette. (In Figure 8, the anal lobe with the adjoined 
anal segment is shown in a flattened condition). 

A ppendages of the ninth segment.—The side-piece is rather small and 
slender. It possesses a large saber-blade-like parabasal spine and a 
slender internal spine. In freshly stained specimens there may be seen 
a triangular-shaped basal lacuna the apex of which extends as a slender 
line to an apical lacuna. The style is somewhat longer than the side- 
piece and the length of the appendicle is shorter than the width of the 
style. 

Clas pette—(Figures 12 and 13). Consists of a ventral membranous 
lobe which is low and has a slight inward convexity on its apical 
margin. In addition, there are three large tubercles, the ventral one 
(above the ventral lobe) bearing an elongated transparent spine which 
has a distinct subapical tooth; the median one bears a stout opaque 
spine and the dorsal lobe has a pair of closely applied modified spines. 
These last are broad and strongly convexed; in their natural position, 
they form a scoop-shaped hood overhanging the median and ventral 
spines. Between the ventral lobe and the dorso-lateral plates of the 
phallosome is a distinct subquadrate opening. 

Phallosome (Figure 14). The base is composed of a broad thin 
plate (as shown when on edge) which is shaped like a shallow trough, 
the lateral margins being directed upwards. From its baso-ventral 
corners arise the lateral arms of the phallosome. Their distal portions 
twist freely when pressure is exerted on the cover slip, thereby indicating 
that they are apically unattached. Distad to the basal plate and 
dorsad to the lateral arms, is another thin plate, somewhat thimble- 
shaped in outline. This is definitely attached to the basal piece (as 
shown by the impossibility of removing it entire) although there is a 
definite line of demarcation at its base. The basal plate possibly 
corresponds to the ventral bridge found in other genera of Culicide, 
but should be termed the basosome pending its definite homology. 
The thimble-shaped plate possibly corresponds to the dorsal bridge 
of other Culicide but should be termed for the present, the dorsal plate. 
That this sclerite may be the true episome (as described by Christophers, 
1922) from which the epimeres or leaflets are derived is indicated by 
the presence of a thin, transparent (in stained specimens), apical 
structure found on the phallosome of certain species of the Anopheles 
group, e. g. A. punctipennis Say (see Figures 9 and 9a). In the latter 
species, the leaflets are clearly appendages of the apical transparent 
structure. 
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Basad of the basosome is a pair of sclerites which probably cor- 
respond to the dorso-lateral plates of Christophers (p. 554). Each of 
these has a laterally adjoined sclerotized structure which is articulated 
to the apodeme of the side-piece. These in turn probably correspond 
to the junctura of Christophers. The dorso-lateral plate is sub-quadrate 
in a directly end-on-view of the terminalia, while the junctura and 
apodeme are similar in appearance to those of the subgenus Anopheles. 


The above study of this species indicates it to be of a primi- 
tive archaic type, radically distinct from the other American 
Anophelini in a number of respects. However, certain other 
Anophelines, chiefly Old World species, share one or more of 
the peculiarities of nimba, and the following tabulation calls 
attention to these and to the species possessing them. The 
information regarding the Old World forms, has been obtained 
largely by letter from Dr. F. M. Root and the publications of 
Christophers (1924), Edwards (1924), Mackerras (1927) while 
that for the American species was obtained from Root (1926, 
July 1927, September 1927). 

1. Rudimentary palmate hairs. A. (An.) brevipalpis Roper 
(North Borneo: Malay States); A. (An) novumbrosus Strick- 
land (Malaya); A. (An.) separatus Leicester (Malaya); A. 
(An.) atratipes Skuse (Australia). In A. novumbrosus developed 
palmate hairs are present on two abdominal segments. All 
of the above species have been referred to the subgenus Ano- 
pheles and occur either in the Malayan region or in Australia. 
They differ from S. nimba in having leaflets on the phallosome 
and in the possession (in all?) of thoracic scales which are 
lacking in nimba. 


2. Phallosome without leaflets. A.(An.) plumbeus Stephens 
(Europe); A. (An.) barianensis James (India); A. (An.) barberi 
Coquillett (Eastern United States); genus Chagasia (tropical 
America); subgenus Nyssorhynchus (with argyritarsis R. D. 
and darlingi Root as exceptions; however, these species have 
atypical leaflets) (America, chiefly tropical); subgenus Kerteszia 
(tropical America); A. (An.) ‘“‘species’’, ‘‘Phallosome with 
fimbriated frill but no leaflets,’ vide Christophers (Malay); 
A. (Myzomyia, group Myzomyia) multicolor Camboulin (North 
Africa, Palestine); A. (Myzomyia, group Cellia) pulcherrimus 
Theobald (Mesopotamia, Turkestan, Northwest India). 


According to the above species, the absence of leaflets is 
evidently sporadic, occurring in members of the tribe widely 
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separated taxonomically and geographically. However, the 
point at issue here is whether in S. nimba the episome remains 
in the primitive condition and the leaflets have never developed 
(and such is apparently the case) or whether they have been 
lost as in the other species. As mentioned under the description 
of the phallosome of S. nimba, a thin transparent structure is 
to be found at the apex of the phallosome of An. punctipennis, 
to which the leaflets are attached. This structure probably 
is a vestige of the episome. A. (Nyssorhynchus, Myzorhyn- 
chella) parvus (Chagas) may represent another intermediate 
step in the development of the episome. As just stated above, 
the species of the group Nyssorhynchus (subgenus Nyssor- 
hynchus) do not possess leaflets except for the presence of 
atypical leaflets in argyritarsis and darlingi. The tip of the 
phallosome of Myzorhynchella parvus, according to Root (1927) 
‘‘bears a pair of reflexed leaflets, not unlike those of argyritarsis 
or darlingi. But between these leaflets, there is a zone of 
chitinization which is continued apically to form a pointed 
hook-like structure. bent over towards the dorsal lobes at its 
tip.”” This ‘‘zone of chitinization’’ may represent a fairly 
large vestige of the episome, which eventually becomes more 
or less completely lost in the species belonging to the Nyssor- 
hynchus group. 

3. One parabasal spine present. All species of the sub- 
genera Nyssorhynchus and Kerteszia (American); A. (An.) stig- 
maticus and atratipes Skuse (Australia); A. (Christya) implexa 
Theobald (Africa). 

In these species the lateral arms of the phallosome are 
separated basally; moreover the species of Kerteszia and Nyssor- 
hynchus bear two accessory spines on the side piece, while the 
other species possess phallosomic leaflets. 

4. Head ‘‘scales’’ rod-like: A. (An.) stigmaticus Skuse (As 
A. corethroides Theobald, vide Christophers; synonomy vide 
Edwards): ? A. (An.) atratipes Skuse (no information is at 
hand regarding this character in atratipes, but it is provisionally 
referred here owing to its relationship to stigmaticus); A. 
A. aitkenii James (Orient). 

5. Spiracular sete absent. Bironella gracilis Theobald 
(Papua). ‘‘Also absent in some species of the subgenus 
Myzomyia”’ (vide Edwards, 1924). 

6. Characters believed to be strictly peculiar to Stethomyia. 
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As far as is known, the following characters are not shared 
by any of the other species of Anophelini: Larva with widely 
separated spiracular openings on the ninth tergite; the ninth 
tergite also bearing a pair of long segmented hairs that split 
into four apical branches. Adult with the prealar sclerite 
membranous and without setz; ninth sternite of the female 
distinctly sclerotized; male with the second (true second) 
palpal joint completely fused with the third; the phallosome 
with the lateral arms joined basally by a basal structure (the 
other Anophelini, all ?, have the lateral plates separated and 
widely diverging basally); a large dorsal phallosomic plate 
(= ? episome of Christophers) present. 

If the condition of the phallosome and the palmate hairs 
indicate a primitive type (as well as the other apparently 
primitive features: dark color, rod-like erect scales on the 
occiput, and absence of scales on the thorax and abdomen) 
as one may suppose, it is strange to find the fusion of the second 
and third palpal joints in the male, which indicates a specialized 
structural condition. This shows, however, how irregularly 
specializations have occurred in the members of the tribe; the 
species tabulated above likewise show that the present-day 
species of Anophelini do not exhibit a uniformly graded series 
of specializations. 

Most of the aberrent (and presumably the more primitive) 
types (i. e. those mentioned above) are placed in, or are con- 
sidered to be closely related to the subgenus Anopheles, a group 
which by common concensus of opinion is regarded as one of 
the most primitive of the tribe. It is of interest to note that the 
species which appears to be most nearly related to S. nimba, 
namely A. atratipes, as indicated by structure (the figure given 
by Mackerras shows but two spines attached to the side-piece 
and the leaflets are attached to a rather large plate which may 
represent the dorsal plate of S. nimba) and somewhat by habits 
(‘‘A sylvan day-biting species, most prevalent in spring and 
early summer’”’ Mackerras) is an Australian species. Possibly 
we have here an argument in favor of the Antarctic region 
having been at a former time one of the centers of distribution 
for the Anophelini. - It is also of interest to note that the other 
species with rudimentary palmate hairs occur in the Malayan 
region. 
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Genus Anopheles, Subgenus Anopheles. 


Group Manguinhosia Lutz. 
Manguinhosia Lutz, Um. Nov. Gen. Braz. Anoph. 1907. 


The name Mangutinhosia, established originally as a generic 
name for the reception of M. lutzt Cruz (= Anopheles peryassut 
Dyar and Knab, 1908) is here used as a group name solely as a 
matter of convenience for designating what may prove to be 
but a single species or else a group of closely related species. 
The fact that this species (or group of species) possesses char- 
acters which readily separate it from the groups Patagiomyia 
and Arribalzagia, its nearest allies, precludes the possibility of 
confusion with other Anophelines (see further discussion under 
Anopheles minor Costa Lima). The characters peculiar to the 
group are: abdomen without scales save on the eighth segment 
and the cerci and sometimes on the seventh; tarsi black with 
whitish rings (either apical and basal or apical only) except on 
the entirely black fifth joint; halteres without white scales; 
disk of mesonotum without developed scales. 


SPECIES OF THE GROUP MANGUINHOSIA. 


The status of the recorded species of this group is in a most 
unsatisfactory condition. On three occasions, specific names 
have been erected for material originating from various parts 
of Brazil: peryassut Dyar and Knab 1908 (= lutzi Cruz, 1907); 
celidopus Dyar and Shannon, 1925; alagoaniit Peryasst 1925. 
In addition to the original records; Peryasst (1921) has recorded 
peryassui (as lutzt Cruz) from five different states of Brazil; 
Bonne and Bonne-Wepster (1925) have recorded the same 
species from Surinam; and we have at hand material from the 
States of Bahia and Recife which may prove to be any of the 
above or still another species. 

The species of the group are evidently rare, and with the 
exception of alagoanti, males have not hitherto been recorded, 
and even in this case the terminalia are undescribed. Owing to 
the insufficiency of the characters presented by the females 
and to the possibility of the examples from Surinam being mis- 
identified, it is impossible for the present to determine how 
many of the above should be recognized as valid species. 

A brief historical review is here given for the forms involved. 
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(1). A. (A. Manguinhosia) peryassui Dyar and Knab, 1908. 


Manguinhosia lutzi Cruz (not Cruz, 1901). Um. Nov. Gen. Braz. Anoph., 1907. 
Anopheles peryassui Dyar and Knab. Proc. U.S. Nat. Mus. 25: 53, note. 1908. 


Description based on females only. Type locality: Bicudos, 
State of Minas Geraes (June) (vide Peryasst, 1908). Recorded 
by Peryasst (1921) from the States of Bahia, Sao Paulo, Minas 
Geraes, Goyaz, and Matto Grosso. 

Eight specimens, probably types now in very poor con- 
dition, are present in the collection of the Oswaldo Cruz 
Institute. 

(la) Bonne and Bonne-Wepster (1925) record several 
females of Anopheles peryassui from Moengo, Surinam. Dyar’s 
description of Anopheles (Anopheles) peryassui D. and K. 
(1928) is presumably based on a specimen from Surinam. 


(2). A. (A. Manguinhosia) celidopus Dyar and Shannon. 


Anopheles celidopus Dyar and Shannon. Journ. Wash. Acad. Sci., 15: 41, 1925. 
(January). 


Described from five females. Type locality: Carmo, Rio 
Branco; Amazonas. Type in the U. S. National Museum, 
Washington, D. C. 

(3). A. (A. Manguinhosia) alagoanii Peryassi. 

Anopheles alagoanii Peryassi, A. Folha Medica, 6: 258, 1925. (October). 

Described from males and females (without description of 
terminalia). Type locality: ‘‘Captured along the margins of 
the lagoa Manguba and more abundant at Mutange and 
Bom-Parte, suburbs of the city of Maceié, capital of the State 
of Alagoas, Brazil. The larve inhabit boggy areas in the 
wooded valleys and swamps (June, July, August, and Septem- 
ber).’’ Types presumably in the collection of Dr. Peryasst. 


4. Present material from Bahia. 

The larve were found on several occasions (March to May, 
1929) in a small spring-fed swamp located about eight miles 
north of the city of Bahia. Adults of both sexes were reared 
and in addition fifteen females were taken in the locality 
while using a horse as bait. All stages, except the egg, are 
described below. 


5. Two females collected in the outskirts of the city of Recife on 
a horse, October 20, 1929. 


They agree in structure and coloration with those listed 
under number 4. 
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The original description of peryassut is not in accord with 
our specimens in several respects. It states that white rings 
are present at both ends of the joints: (‘‘Ist, 2d, 3d, and 4th 
segments of the tarsi with the same coloration, there being 
present on all a cream-colored ring, which involves both ends 
of the segments’’). Also the description states that the halteres 
are dark with some yellow scales. Dr. A. da Costa Lima, 
who examined the specimens of peryassui in the Oswaldo Cruz 
Institute, informs us that our specimens differ from those in 
the Institute in one notable respect, namely, as regards the 
scaling on the abdomen. In peryassui, ‘‘next to the apical 
extremity of the seventh segment, on all the eighth, and on the 
genital segment, there are found numerous white scales, giving 
these segments an ashy appearance. On the apex of the 
seventh segment there are also some yellow scales. Lower 
surface: dark, clothed with light chestnut hairs, with some 
white, rounded spatulate scales on the seventh and eighth 
segments, with the genital lobes densely clothed with black, 
broadly spatulate scales. From my point of view, your speci- 
mens appear to be to peryassui as brasilensis is to albitarsis.”’ 
(Costa Lima). 

Our specimens from Bahia, differ from the above character- 
ization in having only apical rings on the tarsal joints; the 
knob of the halteres completely black, a complete absence of 
scales on the seventh segment, both above and below, and in 
having bronze-colored scales intermixed with the white on the 
eighth segment, while the dorsal surface of the cerci is clothed 
with black and white scales. 

Dyar (1928) separated the three described forms as follows 
(description of peryassui is probably based on a specimen from 
Surinam): 


1. Wing spottings more relieved; distinct white scales preceding the last 
costal spot; tarsi with yellowish white narrow rings at the articulations 
involving both ends of the segments, less marked on the hind tarsi than 
ie SI I Ne I IIE isin oie ices 056 seca coae wn peryassui D. and K. 

Wing spottings less relieved; no distinct white scales outwardly on costa; 
tarsal rings involving both ends of the segments. 

2. Tarsal rings most prominent on the hind legs............ alagoanii Peryassti 

Tarsal rings most prominent on the fore legs........... celidopus D. and S. 


In all cases, it has been recorded that the tarsal rings involve 
both ends of the segments, and for the first two, the rings are 
said to be less prominent on the hind than on the fore tarsi. 
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In the present Bahian material, the rings are apical only and 
but slightly more prominent on the fore legs than on the mid 
and hind legs. 

If the above-mentioned differences were known to be con- 
stant, the forms no doubt could stand as good species and it 
would be justifiable considering our material as representing a 
new species. However, considering the lack of verified inform- 
ation; the unknown structure of the male terminalia of all but 
our own material, the distribution of the recorded material 
and their obvious close similarity, there appears, for the time 
being, but one decision to make, which is to consider all tenta- 
tively as one species, namely peryassui. It should be mentioned 
in this connection that Recife (from whence we have two 
specimens) is not far distant from Maceio (type locality for 
alagoanit) and is between Maceio and Rio Branco (type locality 
for celidopus). 

The description given below for An. peryassui is based 
entirely on our material from Bahia and Recife. 


Anopheles (A. Manguinhosia) peryassui. - 


Larva: Antenna with a small sub-basal five branched hair; inner 
anterior clypeals simple, well approximated; outer clypeals thickly 
branched with more than 50 ultimate branches; posterior clypeals 
small, with five branches; inner anterior thoracic hairs small with about 
seven slender branches; palmate hairs of the Arribalzagia type present 
on segments one to seven, those on segments one and two with slender 
leaflets; plumose hairs on lateral margins of segments one to three, 
double on segments four and five, the remainder single; pecten with 
alternating long and short teeth, the short ones only with marginal 
setulz; seven to eight well developed grappling hairs. 


Pupa: Trumpet prolonged posteriorly with a deep notch, similar 
to that found in the Arribalzagia; eighth abdominal spine simple; 
paddles much longer than broad, the rib slightly mesad of the middle; 
terminal hair simple; spines on exterior margin very minute, but the 
apical and almost the entire inner margin with a fringe of fine hairs. 

Female: Rather small, grayish in general appearance with remarkably 
long legs. Occiput with white scales above, dark brown below, white 
setz and scales between the eyes; palpus with outstanding blackish 
scales, a few white ones at apices of second and third joints; prothoracic 
lobes with a tuft of scales above; three upper and two mid-sternopleural 
setz; abdomen without scales save for appressed white scales on the 
dorsum of the last segment, and black and white scales on its sternite; 
cerci densely black scaled; legs very long, black, showing white markings 
only at the apices of the tibiz and as narrow white apical rings on all 
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but the last fifth tarsal segments; the rings on the fore tarsi being the 
most prominent. Knobs of halteres black. Wings with seven black 
costal spots; three black spots on the third vein, alternating with white 
ones of nearly the same length and four, sometimes five black spots on 
the sixth vein. Outstanding scales on the basal half of the fourth 
vein ovate. 


Male terminalia: Side-piece short, rather thick; the style distinctly 
longer; appendicle short and thick; two parabasal spines, no internal 
spine (i.e. side-piece with only two differentiated spines); phallosome 
extends beyond the apical margin of claspette lobe, with four to five 
well developed leaflets, the apical ones being equal to one-half the length 
of the phallosome; claspette lobe short and broad, the outer spines three 
in number, slender and situated very close together; but one marginal 
spine. 

An uncommon species, the larva of which were found 
associated with Stethomyia nimba in a small spring-fed swamp 
on the property of Sr. Fratelli Vita at Pirajé, about eight miles 
north of the city of Bahia. More than seventy larve have 
been found from which twenty adults were reared. Fifteen 
additional females were taken in the locality while using a horse 
as bait. Larve (from which adults were reared) have also been 
found in a sedge marsh and in a horsetail marsh (Equisetum) 
on the property of Dr. Barros Barreto, Pirajaé (October). 
Two females were collected on a horse at Recife (October). 


Anopheles (Anopheles) minor Costa Lima. 
Anopheles maculipes of authors (not Theobald). 
Anopheles (Arribalzagia) minor Costa Lima, Brazil Medica, Anno 43, No. 37, 

p. 1100, 1929. 

This species has long been considered the same as that 
described by Theobald under the name of maculipes, 1903. 
The true maculipes has passed under the name pseudomaculipes 
Peryasst (1908), while the present species received the name 
maculipes by Knab (1913), his identification being based in 
part upon a specimen (presumably the present species) pro- 
ceeding from the State of Rio de Janeiro. Root and Edwards 
have established the synonomy of pseudomaculipes with maculipes 
and recently Costa Lima has described the maculipes of the 
authors as new, under the name of A. minor. 

Dyar (1928) states ‘‘There is no tangible difference between 
the female of this species (maculipes = minor) and apicimacula; 
but until the male of maculipes (= minor) is known, they 
cannot be considered identical.’”’ He figures the terminalia of a 
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specimen which he regarded as possibly ‘‘maculipes.’”’ How- 
ever, the terminalia of A. minor proves to be quite distinct 
from both apicimacula and ‘‘maculipes’’ of Dyar, 1928. 

The type description of A. minor is based on females. We 
have at hand, the larva, pupa, and male which are herein 
described. The larva and male show several peculiar features 
which do not enable one to place them readily in any of the 
groups at present recognized. The form described above as 
A. (Manguinhosia) peryassui, agrees in certain respects with 
A. minor. Dr. Root, to whom specimens were sent writes: 
‘“They (peryassut and minor) undoubtedly represent a transition 
between the ‘Patagiamyia’ group and the more typical ‘Arri- 
balzagias.’ But the transition is so beautifully graded, and 
the two species so decidedly different in adult coloration that 
I doubt if it would be best to try to define them as a separate 
group.” 

Apparently peryassui and allies approach the Patagiamyia 
group, while minor approaches the Arribalzagia group. 


Larva: Antennal hair sub-basal, delicate, with seven long branches; 
inner anterior clypeals approximated with scattered very fine branched 
hairs; outer clypeals with approximately fifty ultimate branches, but 
as a whole stouter than in peryassui; thoracic and abdominal hairs 
similar to those of peryassui, but the lateral hairs of segments four and 
five usually with three branches; in addition, the ventral side of the 
thorax and abdomen clothed with fine hairs (best seen in cast skins, 
see Figure 18); pecten with alternating long and short spines, the 
short ones with marginal setulae which are more apparent than in 
peryassui; eight to ten grappling hairs present. 


Pupa: Trumpet sub-quadrate, without a deeply incised notch; 
paddles distinctly broader than in peryassui, with a long series of well 
defined teeth at about the middle of the outer margin, apical margin 
with a fringe of fine hairs which extend but a short distance on the inner 
margin; apical spine of eighth abdominal segment simple. 


Female: Rather small dark species with shorter and more abundantly 
white-marked legs than in peryassui. Palpi with erect black scales, 
with a few white ones at the bases of the fourth and fifth joints, apex 
of the fifth whitish; prothoracic lobes with black scales above, whitish 
ones below; anterior and lateral margins of the mesonotum with a few 
white scales; three upper sternopleurals, and three closely approximated 
mid-sternopleurals; abdomen without dorsal scales save for the tufts 
at the apical corners of the segments, and scattered white ones on the 
eighth; the cerci densely clothed with white scales above and black 
scales, more numerous on the seventh and eighth sternites; all the 
femora and tibiz with numerous yellowish white spots; the pale rings of 
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the fore tarsi distinctly larger than on the mid tarsi, but otherwise the 
markings are similar, the joints having both basal and apical yellowish 
white rings, basal only on the fifth, the basitarsus in addition has numer- 
ous white spots; hind tarsi with the basitarsis speckled with white on 
the lower surface and with a white apical band, segments two, three 
and four with apical rings, the fifth entirely black. Costa with nine 
or ten black spots, and nine or ten white spots; third vein chiefly black 
scaled, white scales forming three of four small spots; sixth vein with 
five or six black spots. Outstanding scales on the fourth vein with 
truncate tips. Halteres with the upper surface entirely white-scaled 
(similar to typical Arribalzagia) the lower surface black. 


Male terminalia: Ninth tergite well sclerotized with a pair of slender 
lobe-like processes; anal lobe entirely membranous; side-pieces thick, a 
little less than twice as long, as wide and a little shorter than the style; 
appendicle shorter than the width of the style; both parabasal spines 
ending in a sharp curved point; internal spine undifferentiated ; claspette 
but little wider than high, with a deep median incision, forming a pair 
of ventral lobes each of which possesses two slender spines and the 
modified spines, which are coalesced into a stout club; phallosome 
with a well developed pair of apical leaflets, nearly equal in length to 
the club, and a variable number of much smaller leaflets, four to eight 
in number. 


A. minor possesses the following more obvious characters 
which differentiate it from peryassut, its nearest known relative: 
The hairy larval skin (ventral surface), the sub-quadrate shape 
of the pupal trumpets and lack of a deep incision; stronger 
developed teeth and restricted fringe of fine hairs on the inner 
margin of the paddles; more extensively dark scaled wings 
and intensively spotted femora and tibiz; upper surface of 
halteres white scaled; male terminalia with claspette lobe 
narrower and with the modified spines forming a distinct club. 

The hairy condition of the larva is of rare occurrence in 
Culicid larve. Other known American species possessing this 
feature are those belonging to the genus Chagasia, and Aedes 
scapularis Rondani. 

The writers have found the larve to date in only one locality. 
Here, in a certain fairly swift-flowing stream, they have at 
times been obtained in great abundance along the margins 
and in places where the water has been partially dammed by 
drift debris. They were also found commonly in rock pools 
in the stream beds, where the rocks form a series of small water 
falls, but were very rarely found in temporary rainpools. There 
have been taken a total of approximately 2,000 larve collected 
on several occasions during the months of January to June 
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1929. During the months of May and June (early winter) 
the larvz were very scarce. About 300 adults have been reared. 
The females were also collected in numbers by using horses as 
bait. In addition, one female was collected on the laboratory 
grounds, in the city of Bahia, October, 1929. 

The above-mentioned stream is located at Pirajé upon the 
property of Dr. Luiz C. A. de Barros Barreto, to whom we are 
indebted for the opportunity of making investigations there. 
Also, we are indebted to him for our first specimens of this 
species, collected at his instigation by the entomologist of the 
Saude Publica of Bahia, Dr. Jose Serafim. 


Anopheles (Arribalzagia) intermedius Peryassi, 1908. 


A series of thirty females of this species were obtained on a 
horse at Pirajé (B. B.) Bahia during December, 1928. Later, 
on two different occasions, February and April, 1929, 18 larve 
were collected, from which four males were reared. The 
terminalia of these agree exactly with those of a specimen from 
Magé; Brazil (collection of N. C. Davis). On October 12 and 
13, four additional females were collected on a horse at Piraja. 


Anopheles (Arriba Izagia).mediopunctatus Theobald, 1903. 


Three females were captured on a horse December 27, 1928, 
at Piraj4 (Barros Barreto), and on October 12 and 13, 1929, 
nine additional females were obtained on a horse in the same 
locality. 


Anopheles (Kerteszia) cruzii Dyar and Knab, 1908. 


This is a comparatively rare species in the vicinity of the 
city of Bahia. Dr. Serafim collected larve from bromelias near 
the town of Muricura, about twenty miles north of Bahia. 
Later, additional material was obtained by the writers from the 
same locality. 


ANOPHELINES OF THE NYSSORHYNCHUS GROUP. 


Four species of this group are at hand. The foregoing 
species were found only outside of the city limits of Sao Salvador, 
but, in the case of the species of the Nyssorhynchus group, 
although they have likewise been found outside of the city, 
most of our collections have been made within the city limits. 
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More or less rural conditions prevail in various parts of the 
city, such as valleys with streams, small marshy areas and 
ponds, springs, wells, etc., some of which afford good larval 
habitats. A. argyritarsis is more semi-domesticated than the 
other species, its larvee being found not infrequently in artificial 
containers and adults have been found in houses on a number 
of occasions. 


Anopheles (Nyssorhynchus) bachmanni Petrocchi. 


Larve of this species have been found on two occasions, 
both times within the city limits: Distrito dos Mares (August 28, 
1929) and Distrito do Tororé (November 4, 1929), N. Cer- 
queria, collector. This species has also been collected by the 
writers in Recife, Pernambuco, September and October, 1929. 


Anopheles (Nyssorhynchus) tarsimaculatus Goeldi, 1906. 


Larve of this species have been found, sometimes in large 
numbers, in the streams in and about the city of Bahia. During 
early winter (June 14) about 300 larve were obtained from a 
pond which at the same time yielded only a few argyritarsis. 
Also on other occasions when collections were made during the 
winter, larve of this species out-numbered the larve obtained 
of albitarsis and argyritarsis. Specimens have been found in 
Recife, Pernambuco, in September and October, 1929. 


Anopheles (Nyssorhynchus) albitarsis L. A., 1878. 


Next to argyritarsis, this is the most prevalent and abundant 
species during the warmer seasons in the vicinity of the city. 
The larve are usually found in ponds and temporary pools. 
On one occasion a female was captured in a house in the 
center of the city of Bahia, May 27, 1929. 

Superficially, the adult greatly resembles argyritarsis and 
its resemblance to darlingi is even greater. As these species 
are somewhat variable as regards coloration, it becomes a 
difficult matter to identify worn females. However, albitarsis 
possesses a well defined characteristic (hitherto unrecorded) 
not present in any other American Anopheline, at least of the 
subgenus Nyssorhynchus, and may be detected regardless of 
the condition of the specimen, providing the base of the abdomen 
is intact. This character consists of two longitudinal and 
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parallel lines of white scales on the first abdominal sternite. 
If the specimen is badly shriveled, this character is difficult 
to see, but a caustic preparation under the microscope reveals 
both the scales and their scars. A. argyritarsis, and the other 
species of Nyssorhynchus, have this sternite bare save for the 
extremely short and fine pubescence. Also collected in Recife, 
Pernambuco, September and October, 1929. 


Anopheles (Nyssorhynchus) albitarsis, 
variety brasilensis Chagas, 1907. 

To date authenticated specimens have been recorded only 
from the type locality, the valley of the Rio das Velhas, near 
Lassance in the State of Minas Geraes. 

Larve, from which adult males and females were reared, 
were collected in the spring waters at the head of the spring-fed 
swamp in Pirajé (Fratelli Vita) March 1, 1929. On March 
20 ten females were collected in the same locality on a horse 
used as animal bait. The specimens agree well with the 
description of the variety as given by Root (1926) except that 
the terminal hair of the paddle is straight and not bent, as 
recorded by Root. It agrees with typical albitarsis in possessing 
the two parallel lines of scales on the first sternite. Larve 
were later obtained at Pirajaé (Barros Barreto) associated with 
larve of A. peryassui and tarsimaculatus. 


Anopheles (Nyssorhynchus) argyritarsis R. D., 1827, 


In Bahia this species is semi-domestic both in the larval and 
adult stages. During the warmer season, the larve probably 
can be found in all of the streams, springs, and ponds in and 
around the city, and rather frequently have been found in 
cisterns and smaller artificial containers, flower-pots, basins, etc. 
On several occasions females have been found in the houses 
located on the outskirts of the city. 

Specimens also at hand from Recife, Pernambuco. 

One or more of the following species may eventually be 
found in the coastal lowlands in the vicinity of the city of 
Bahia: darlingi, maculipes, and eisent. 
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SUMMARY, 


Twelve species of the Anophelini are now known from the 
State of Bahia, ten of which are here recorded from the capital 
(Sao Salvador or Bahia) and the immediate environs. Three 
additional species are listed which may eventually be found in 
the locality. 

Three of the species, Stethomyia nimba Theo., Anopheles 
minor Costa Lima, and the third which is here recorded tenta- 
tively as Anopheles (A. Manguinhosia) peryassui D. and K. 
have hitherto been more or less unknown in the larval, pupal, 
and male stages and are therefore described in detail. 

S. nimba differs so strikingly from the other known Ano- 
phelines in the structure of the phallosome and other male and 
larval characteristics that it is here accorded generic rank. 
It is shown it has no close relations with the other American 
Anophelines but apparently possesses rather close relations with 
certain Australian and Malayan Anophelines; therefore, it possi- 
bly represents an isolated form of a group which had its center 
of distribution in a former Antarctic continent. 
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EXPLANATION OF PLATES. 
All drawings made with the aid of the camera lucida. 


PLATE I. 


Fig. 1. Larva of Stethomyia nimba, with an enlargement of one of the filamentous 
palmate hairs and of the pecten. 


PiateE II. 


Fig. 2. Pupa of Stethomyia nimba, with the cephalo-thorax opened along the 
median dorsal line. 


PiaTeE ITI. 


Fig. 3. Mental plate, larva of S. nimba. 

Fig. 4. Maxilla, larva of S. nimba. 

Fig. 5. Mandible, larva of S. nimba. 

Fig. 6. Respiratory apparatus, larva of S. nimba. 

Fig. 7.- Segmented hair of respiratory apparatus enlarged, larva of S. nimba. 

Fig. 8. Ninth tergite and anal lobe of male of S. nimba, flattened condition. 

Fig. 9. Dorsal aspect of apex of phallosome of A. punctipennis, showing the 
leaflets attached to transparent structure, (the episome?). 

Fig. 9a. The same, but from an end-on view. 

Fig. 10. Terminalia of S. nimba, female. 


PLATE IV. 
Fig. 11. Terminalia, S. nimba. 
Fig. 12. Claspette and phallosome, end-on flattened view, S. nimba. 
Fig. 13. Same, dorsal view. 
Fig. 14. Phallosome, ventral view, S. nimba. 
Fig. 15. Terminalia, A. peryassui. 
Fig. 16. Terminalia, A. minor. 


PLATE V. 
Fig. 17. Larva of A. peryassui with enlargement of clypeal and palmate hair and 
pecten. 
PLATE VI. 


Fig. 18. Section of the thorax of the larval skin of A. minor, showing distribution 
of the minute hairs on the ventral surface. 

Fig. 18a. Outer clypeal hair of the larva of A. minor. 

Fig. 19. Pupal trumpet of A. peryassut. 

Fig. 20. Abdomen of the pupa of A. peryassui. 

Fig. 21. Pupal trumpet of A. minor. 

Fig. 22. Terminal abdominal segments of the pupa of A. minor. 


PLaTE VII. 


Fig. 23. Side view of the thorax of S. nimba. The small circles indicate the 
location of the pleural setz. 

Fig. 24. The same of A. peryassut. 

Fig. 25. Distribution of the dark scale areas on the wing of A. minor. 

Fig. 25a. Enlargement of the base of the fourth wing vein, showing the form of the 
scales. 

Fig. 26. Distribution of the dark scale areas on the wing of A. peryassui. 

Fig. 26a. Enlargement of the scales on the base of the fourth vein, A. peryassui. 

Figs. 27 and 27a. Fore and hind tarsi of A. peryassui. 

Figs. 28 and 28a. Fore and hind tarsi of A. minor. 
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CONTRIBUTIONS TO TAXONOMY OF INSECTS.* 


CLARENCE E. MICKEL, 
University of Minnesota. 


The science of insect taxonomy in America may be said to have had 
its beginnings with the work of Thomas Say, who published his first paper 
on entomology in 1817 in the Journal of the Academy of Natural Science 
of Philadelphia, entitled ‘‘ Description of Several New Species of North 
American Insects.”” While this paper may be looked upon as the 
beginning of insect taxonomy in America, there is at least one earlier 
paper which must be classified as a contribution to taxonomy, that of 
F. V. Melsheimer, in 1806, ‘‘ A Catalogue of the Insects of Pennsylvania.” 
This work cannot be regarded as contributing much of scientific value, 
but is of interest from an historical standpoint since it represents one of 
the first attempts to understand our American insect fauna. It is said 
to contain the oldest description, published in America, of a Coleopterous 
larva. Thomas Say’s most ambitious attempt in the realm of taxonomy 
was the publication of his ““American Entomology,” the purpose of 
which was “‘to exemplify the genera and species of the insects of the 
United States by means of colored engravings.’”’ The work advanced 
to the third volume, including fifty-four colored plates, and was then 
discontinued. Say had moved to Indiana before the publication of the 
third volume and after the latter was published the work was dis- 
continued either because of the difficulty in conferring with him, or 
because of lack of public patronage, or perhaps both. Judged by its 
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purpose and contents Say’s ““American Entomology’’ compares very 
favorably with similar works published in other countries at that period. 
Contributions to the science of entomology were not numerous in the 
United States prior to 1860. Some of the earlier workers contempo- 
raneous with Say were Thaddeus William Harris, John Eatton LeConte 
and Titian R. Peale, while during the latter part of the period John L. 
LeConte, S. S. Haldeman and F. E. Melsheimer were making con- 
tributions. 

Taxonomic work on a productive scale did not begin in America until 
after the Civil War. From 1864 until the present time there has been a 
steady increase in the contributions by Americans to this branch of 
entomology. This growth in quantity of contributions by American 
workers can be readily demonstrated by a study of the entries in the 
Zoological Record at ten-year intervals. The first volume of the 
Zoological Record contains a list of the entomological publications for 
the year 1864. Since the majority of the papers listed in the Record are 
of a taxonomic nature, it seems fair to use it for the purpose of calculating 
the growth in America of taxonomic literature in the field of entomology. 
In 1864 the number of papers listed on entomological subjects was 323. 
Of these 36, or 11 per cent, were produced in the United States or 
Canada. The figures for 1870 and ten year intervals thereafter are as 
follows: 


Total Number Number Per Cent 
Papers on Produced in Produced in 

Year Entomology America America 
PL sinc thw kaolin eke ame Remon 323 36 11 
I ee ea So A ak a Ce eh eS 438 31 7 
I and gatsine eth ashi eigen meee INES 378 49 13 
RRR NR? Scherer ee ae ree 927 137 14.7 
BE eee de dnsG omit oe EK SE Uae 1,431 234 16.3 
PS cL iu atedogat hase Red Keseeess 3,232 632 19.5 
i ait Gs a alae dal iikia seg aah cna 1,932 470 24.3 
Sein we srene Price py wean eta a 2,923 712 24.3 


Thus from the viewpoint of quantity American workers have pro- 
duced almost one-fourth of the literature listed in the Zoological Record 
in recent years and it seems reasonable to assume that this proportion 
probably holds in the limited field of taxonomy. The proportions 
which various continental regions of the world contributed to entomo- 
logical literature in 1927 are as follows: A total of 2,923 papers are 
listed; of these, 1,897 or 64.8 per cent had their origin in Europe; 712 or 
24.3 per cent were produced in the United States and Canada; 143 or 4.8 
per cent came from Asia; 80 or 2.7 per cent originated in Australia; 70 or 
2.4 per cent were written by South American workers; and 21 or .7 
of one per cent came from Africa. From a purely quantitative stand- 
point, then it appears that the workers in United States and Canada 
can contemplate their record in the field of taxonomy with some degree 
of satisfaction, since in approximately one hundred years their pro- 
ductivity has increased from nothing at all, to almost twenty-five per 
cent of the world’s literature on the subject. It should be borne in 
mind that this has come about during a period when a large proportion 
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of the workers in Europe were engaged in taxonomic studies while in 
America a great number of workers have been engaged partially or 
entirely in developing the field of economic entomology. 

From a qualitative standpoint contributions to entomological tax- 
onomy can be classified according to type. So we have Catalogues; 
Nomenclatorial works; Codes of nomenclature; Local geographical 
lists; Descriptions of species; Synopses of groups of insects; Taxonomy 
of immature stages of insects; Monographic treatments of genera and 
higher groups; Discussions of classification and phylogeny; and Formula- 
tion of principles. 

Most of the catalogues that have been produced in this country have 
had to do almost exclusively with North American insects. Some of the 
larger and more inclusive ones are Henshaw’s check list of North 
American Coleoptera, and the more recent Coleoptera check list by 
C. W. Leng; the catalogues of Lepidoptera by H. G. Dyar, and by 
Barnes and McDunnough; Aldrich’s catalogue of North American 
Diptera; the catalogue of Odonata by Muttkowski; that of the Coccidz 
by Mrs. Fernald; and the catalogue of Hemiptera by Van Duzee. 
Recently a general catalogue of the Hemiptera of the world has been 
undertaken, sponsored by Smith College. America’s contribution 
to that great work, ‘‘Genera Insectorum,’’ should also be mentioned 
here. To date some 189 fascicles have been published, 19, or 10 per 
cent of them by American workers, namely, Alexander, Brues, Caudell, 
Johannsen, Kellogg, Melander, Pierce, Quaintance and Rehn. 

The outstanding American contribution in the nomenclatorial field 
is Scudder’s ‘‘Nomenclator Zoologicus.’’ Although this work covers 
the whole field of zoology, entomologists may properly regard it as 
originating in their field, since it was written by an eminent entomologist. 

American entomologists are, of course, guided by the International 
Code of Nomenclature in solving their problems relative to scientific 
names, and yet there are cases which often arise that are not specifically 
covered by the International Rules. To fill the need in such cases 
America has contributed an Entomological Code of Nomenclature com- 
piled by Nathan Banbs and A. N. Candell, which represents the usage 
and customs of a large number of entomologists for the time it was 
written. While this code does not have the authority of the Inter- 
national Rules, yet it is a distinct contribution in this particular 
field and many an entomologist has found it useful in working out his 
nomenclatorial problems. 

It is probable that the number of local geographical lists of insects 
which have been published in this country would mount to a large figure, 
but two such lists stand out as the most comprehensive which this 
country has produced. These are the ‘Insects of New Jersey,” and 
‘*A List of the Insects‘of New York.” 

It is evident to anyone acquainted with entomological literature 
that the great bulk of such literature is made up of descriptions of 
species. This is true of our American contributions as well as of those 
from other parts of the world, and is necessarily so, since so large a 
portion of the insect fauna of the world still remains to be described. 
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A large proportion of the taxonomic papers which have been produced 
in this country will be found to consist entirely of descriptions of new 
species and nothing more. To single out certain of these papers and 
credit them with being important contributions is an impossible task, 
and I shall not attempt it, since we are not even at an agreement among 
ourselves as to what kind of a description is the best. 

In the field of taxonomy, works which attempt a synopsis of large 
groups of insects are often indispensable. Some of the more important 
works of this type are Williston’s ‘‘ North American Diptera,” Holland’s 
“Butterfly Book” and ‘“‘Moth Book,’’ Howard’s “Insect Book,” 
Kellogg’s ‘‘American Insects,’’ and Essig’s ‘‘Insects of Western North 
America.’’ Every entomologist has had and will have occasion to refer 
to all of these works, and they fill an important place in the realm of 
taxonomy. 

One of the phases of taxonomy with which many entomologists are 
not as familiar as they should be and to which America has made a 
distinct contribution is the classification and study of the immature 
stages of insects with complete metamorphosis. Some of the most 
notable contributions of this type are Fracker’s ‘Classification of 
Lepidopterous Larve,’’ Mosher’s “Classification of Lepidoptera based 
on the Pupa,”’ Malloch’s “Classification of the Diptera based on Larval 
and Pupal Characters,’’ Yuasa’s ‘Classification of the Larve of the 
Tenthredinoidea,”” and Craighead’s study on ‘North American 
Cerambycid Larve.’’ There is still ample opportunity for contributions 
in this field and the need for work of this kind becomes more and more 
pressing with every new development in the field of economic 
entomology. 

American workers have produced a great number of monographic 
works treating of genera or higher groups for North America north of 
Mexico or for even more limited geographical areas on the North 
American continent. Time does not permit a review of all the good 
entomological monographs on North American insects, nor is it possible 
to scan all such contributions and judge of their scientific worth. In 
most cases it is necessary to have a working knowledge of a genus or 
higher group in order to be competent to judge the scientific value of any 
contribution concerning that group, and it is therefore impossible for a 
single person to select and mention all the important contributions of 
this type. From the standpoint of comprehensiveness and general 
usefulness, however, there are a number of works that might be men- 
tioned. Some of these are: the ‘‘ Mosquitoes of North and Central 
America and the West Indies,’’ by Howard, Dyar and Knab; Edward’s 
‘Butterflies of North America;” ‘‘Monographs of North American 
Diptera,’’ by Osten Sacken; LeConte and Horn’s ‘Classification of the 
Coleoptera of North America,” and “‘Rhynchophora of America North 
of Mexico;’’ “Butterflies of Eastern United States and Canada,” by 
Scudder; Blatchley’s ‘“‘Orthoptera of Northeast America,’’ ‘‘Coleoptera 
of Indiana’’ and “ Heteroptera of Eastern North America;”’ the ‘ Ple- 
coptera of North America,’’ by Needham and Claasen; “‘ Handbook of 
Dragonflies of North America,’’ by Needham and Heywood; Hagen’s 
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*‘Synopsis of the Neuroptera of North America,” and the series of works 
published by the Connecticut Geological and Natural History Survey, 
“‘Orthoptera of Connecticut,’’ ‘‘Hymenoptera of Connecticut,” 
‘“‘Hemiptera of Connecticut’? and ‘Odonata of Connecticut.’”’ Any 
entomological taxonomist will no doubt call to mind at once contribu- 
tions in his own particular field that seem to him as important, or 
perhaps more important, than the ones mentioned, and he may perhaps 
judge the ones with which he is familiar to be of greater scientific worth 
than those just enumerated, but judged from the standpoint of usefulness 
to entomologists as a whole, most taxonomists will agree that these are 
at least some of the important contributions which Americans have 
made in this field. 

In the field of classification and phylogeny we find that Americans 
have also been active. The systems of classification in use at the 
present time for at-least three large orders of insects have originated 
in this country. One of the first to make a contribution was John 
L. LeConte, who proposed a system for the classification of the 
Coleoptera in 1861, and completed it in collaboration with Horn in 1883. 
This system has been almost universally used in this country, although 
encountering some criticism abroad. In 1920 LeConte’s system was 
modified by Leng and the classification of this order used by the latter 
in his catalogue of North American Coleoptera is the one now met with 
in current literature. Again, the classification of the Hymenoptera 
now in use in many parts of the world was proposed by Ashmead in 
1899. Ashmead also made a number of contributions regarding the 
classification of the various superfamilies of the Hymenoptera. Many 
criticisms have been directed against Ashmead’s work, and it must be 
admitted that in many ways it does not exhibit the scientific accuracy 
that one might expect, nevertheless, the classification he proposed has 
been adopted in its general outlines and stands as a distinct contribution 
to the classification of this order of insects. The division of the 
Lepidoptera into two suborders, Jugate and Frenatz, dates from 
Comstock’s work on wing venation in 1893, and since that time several 
other American Lepidopterists have contributed to the classification 
within the order. Mention should also be made of Crampton’s papers 
on the phylogeny of the orders of insects. Crampton’s work is of course 
based on morphology, but its application lies in the field of taxonomy. 
The system of classification of the insects in use at present is that 
proposed by Brauer in 1885 and modified by various workers since it 
was first proposed. While Crampton’s ideas have not been adopted by 
the author of any recent textbook on the insects, yet they represent 
a contribution to this field which cannot be ignored by any future 
student of the phylogeny of the insects. 

Taxonomic workers in both Europe and America have been so 
engrossed for the last century in describing, classifying and analyzing 
their material that there has been very little attempt during that period 
to formulate the principles on which their science is based. It has 
remained for America to contribute the first work which attempts to 
set forth the principles governing the science of systematic entomology. 
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This has been done by G. F. Ferris in his recent text, “Principles of 
Systematic Entomology.” It is a curious fact that although taxonomy 
was one of the first phases of entomology to be developed in Europe, 
the first attempt at a formal statement of principles of entomological 
taxonomy has been made in America. On the other hand, economic 
entomology has had its greatest development in America, and yet it 
has happened that the first formal statement of principles of that 
branch of the science originated in Europe. I refer to Wardle and 
Buckle’s ‘‘ Principles of Economic Entomology.”’ 

All taxonomists as well as workers in other branches of Entomology 
have to make a beginning in the field. To furnish a guide to the 
beginner and often to the professional entomologist as well, America 
has produced several textbooks which are fundamentally taxonomical 
in nature and which compare favorably with those that have been pro- 
duced elsewhere in the world. The first important "American textbook 
of this kind was Packard’s “‘Guide to the Study of Insects.”” Later 
came Comstock’s ‘‘ Manual for the Study of Insects,’’ which has been 
superseded by the same author’s ‘Introduction to Entomology.”’ 
These are contributions in which any American may take pride, and 
while they may not be looked upon as taxonomic contributions in the 
technical sense, they have certainly contributed an important part in 
developing an interest, and in training workers in systematic entomology. 

To summarize briefly, entomological taxonomy in America has 
grown in quantity during a period of one hundred and ten years from 
a stage when practically none of the taxonomic literature of the world 
was produced in this country, to a point where almost twenty-five per 
cent of the contributions originate here. From a qualitative standpoint 
American workers have made important contributions to all types of 
taxonomic investigation. Their contributions have varied with regard 
to their scientific worth, some of doubtful value, some of very high 
value, and all intergrades between, but a large number of their con- 
tributions have been recognized and will continue to be looked upon as 
having attained a high standard of perfection. It is probable that the 
percentage of taxonomic papers in America which have attained a 
high standard of scientific worth is about the same as for any other 
geographical group which one might select. Surveying the field of 
entomological taxonomy as a whole and considering its broadest aspects, 
America’s most significant contribution, however, is not to be found in 
the work of any one individual, or in any particular type of taxonomic 
endeavor. With the possible exception of Europe no other great land 
mass of the world such as the United States and Canada has been so 
intensively studied and explored with regard to its insect fauna. Our 
detailed knowledge of the insect fauna of other continental regions of 
the world is far behind that of Europe and North America north of 
Mexico. By far the greater part of the study and exploration of the 
insect fauna of the United States and Canada has taken place during 
the last century and it is a distinct and significant contribution to our 
taxonomic knowledge of the insects of the world. Much still remains 
to be done and the success of the last century should stimulate us to still 
greater and better researches in the field of taxonomy. 
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CONTRIBUTIONS TO BIOLOGY OF INSECTS. 


Dwicat M. DELonG, 
Ohio State University. 


Biology, Ecology, and Physiology have been placed under separate 
headings in this symposium and are being treated in different papers. 
Biology, however, can be discussed intelligently only in terms of these 
other subjects. For at least a half century we have been making 
detailed life history and biologic studies of a host of interesting and 
important species of insects. These studies, in reality, have been more 
or less complete observations of a succession or series of reactions to a 
variety or complex of internal and external stimuli. Hibernation is a 
response to atmospheric stimuli, directly and indirectly. The insects 
activities in the spring usually begin by responses to the same types of 
stimuli and the insect comes from hibernation. The flight to the food 
plant is a specific response. Mating, egg laying, hatching of the egg, 
feeding, growth, pupation, emergence, and every portion of the biologic 
record is a reaction to a stimulus, chemical or physical. These are the 
phenomena we observe in biologic work yet none of these data can be 
obtained. without certain ecologic conditions and physiologic processes. 
If factors cause certain stimuli to vary or alter the complex, the biology 
is changed. 

The importance of the physiologic is in connection with metabolism. 
The environment alters metabolic rate and the biology is normally an 
activity index and transposition of metabolic rate. Therefore biology 
and metabolic rate are not only inseparable, but are different means of 
expressing the same process. Rate of respiration, quantity and quality 
of food, oxidation and consequently growth and activity are funda- 
mentals of biologic study. 

In the more important contributions of our biologic work the investi- 
gator has made a record of such insect activities in relation to the con- 
ditions in which it naturally occurs and has attempted so far as possible 
to measure or explain conditions associated with or determining these 
activities. 

As a rule temperature and humidity conditions are recorded as a 
portion of the life history data. Occasionally measurements of light 
are given to explain certain phases of the life cycle, such as migration— 
although very little is known about light in its relation to biology. 
On the other hand, the plant and its processes during growth as factors 
in insect biology have received a minimum of attention and have been 
touched upon only in recent work. Even so, the plant factor is appar- 
ently the controlling stimulus in some cases and more important directly 
than the combined atmospheric stimuli, except as they affect the plant. 
Chemical and physiologic changes or processes in the plant may thus 
determine the hatching of the egg or the number of generations of the 
insect. Taking one of the leafhoppers as a specific example, we observe 
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an insect which lays its eggs in the twigs of a deciduous tree. This tree 
produces a flush of growth in early spring and remains without producing 
further visible growth throughout the summer. The insect has a single 
generation which occurs in connection with this flush of growth and lays 
eggs shortly after the adult stage is reached in late June and early July. 
The adults then disappear and are not seen on this plant until the next 
spring when they again occur in great swarms. Although almost every 
degree of high summer temperature and humidity are reached during July, 
August, September and October in this latitude of 39 degrees, these eggs 
do not hatch until the plant grows again. A two or more generation 
condition apparently exists on other deciduous host plants which grow 
gradually over a longer period, if we may judge from the fact that 
immature forms occur upon them all summer. It is apparent from 
these observations that an internal plant stimulus associated with 
growth is necessary in this case for the hatching of the egg; and 
temperature and humidity are of no consequence without the plant 
factor. 

In plants from day to day sugar content, osmotic pressure, rate of 
transpiration, and as a result cell structure, tissue differentiation or 
cuticular conditions change remarkably. The biology of the insect 
seems to be definitely associated with these changes, certain combina- 
tions being favorable and certain unfavorable to the establishment or 
maintenance of insect populations. Insect migrations for instance are 
apparently caused by these changing plant factors. 


ALTERNATION OF Foop PLANTS. 


In connection with the life history the studies of the alternations 
of food plants have been interesting and important contributions. It 
is a well known fact that many insects like the aphids have definite food 
plants between which they alternate during their life cycle. These 
plants are usually not related botanically and the factors of attraction 
have been an interesting query. Most of these insects have a definite 
correlation between the plant process and their period of migration so 
that migration usually occurs within definite and limited periods. 
The aphids on the apple, for instance, seem to migrate at specific times. 
Observations over a period of years have shown that the migration of the 
apple grain aphis is correlated with the petal fall condition, while the 
migration of the rosy apple aphis occurs later, when the fruit is approx- 
imately one-half inch in diameter. The potato leaf hopper, although 
out of hibernation and feeding upon bean plants soon after these are 
out of the ground, does not go to potatoes until three or four weeks 
after they are above ground, although they normally appear before the 
bean plants. Some of the most detailed and observant work in America 
has been in connection with the life history and incidentally the location 
of the alternate food plant of certain of these insects. 
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METAMORPHOSIS. 


From a biologic point of view metamorphosis is a very important 
factor in the life of the insect and has given opportunity for remarkable 
variation in the biology throughout the groups, and complications in 
various stages of the life cycle of the individual. 

The immature forms of insects with gradual and incomplete meta- 
morphosis are usually well fitted for an environment in which they are 
capable of finding their own food and providing for their own protection. 
As a rule the environmental condition is only slightly changed in the 
adult stage, where the wings are used to advantage in carrying the insect 
to a little wider range of this condition, but not as a rule a new 
environment. 

Insects with complete metamorphosis present a somewhat different 
picture and vary greatly in the larval condition. Many of them as 
found in the Coleoptera are not only able to seek their own food, but are 
provided with structures by which they can overcome other powerful 
insects. In the case of many Diptera, the eggs must be placed in con- 
nection with decomposing organic matter or the larve die. The insect 
larva in other cases, like certain Hymenoptera, becomes absolutely 
dependent upon the food supply stored in a cell with the egg and 
furnished in the form of pollen cakes or paralized insects and spiders. 
In the extreme case which we find in social insects, the larva must be 
cared for each day by insect nurses, which supply fresh food and other 
daily necessities. The dependence upon a food supply and upon other 
insects becomes greater and greater in specialized forms of complete 
metamorphosis, which fact is greatly significant biologically. 

The great mass of biological data which has been obtained has shown 
us another significant fact. It is that as metamorphosis becomes more 
complete, the larval and adult stage become more diverse, not only in 
structure, as great as that may be, but also in habits and frequent 
adaptations to entirely different environments with different types of 
food and feeding habits. Illustrations might be taken from several 
groups to show this, but certainly typical examples are the predaceous 
syrphid fly larva and its flower feeding adult stage on the one hand and 
the hymenopterous larva feeding on paralized larve, aphids or spiders 
with its blossom feeding adult on the other hand. 

Hypermetamorphosis shows still another condition where during 
the life of the individual larva it may pass through different forms and 
different environmental conditions. 


Lire CycLE VARIATIONS IN RELATION TO ENVIRONMENT. 


Biological studies have further revealed that there is the greatest of 
variation in life cycles among insects, even those in some cases which 
are very closely related. The stored products insects might be cited as 
examples of those which are probably most uniform in type of life cycle 
if considered in the light of their comparatively simple environmental 
factors. Plant factors and many similar conditions are eliminated 
almost entirely in biologic studies of these types of insects. On the 
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other hand, we find many complicated life histories which must fit into 
definite growing or fruiting periods of plant life or in limited periods of 
time. The food for the growth period may be available or in condition 
at only one or two short periods of time during the season, and if the 
larva cannot complete development within this time the species will not 
survive. This condition is found in the case of the oriental fruit moth 
on the peach tree. Here only the new tender twigs are favorable for 
establishment and if the fruit crop does not set the insect is forced to 
other food plants or starvation. Also the larva of the apple flea weevil 
must have tender foliage for its leaf mining stage, and the larval period 
is limited to the early season. It may be necessary that the egg be laid 
at a certain time or within a very limited period, especially if placed in 
plant tissue or a similar changing environment, since the ovipositor 
may not be able to penetrate such tissues after they have matured. 
Many of the Homoptera fall into this class and the life cycle will be 
determined largely by the availability of succulent tissue for feeding and 
oviposition. The termination of the growth period in any specific plant 
will determine the time of egg laying. Migration, pupation, ecdysis or 
some other life process or function may be restricted in the life cycle by a 
similar condition. Such factors usually determine the length and dura- 
tion of the feeding stage, the number of generations within a limited 
time, the time of egg laying and other life processes. 


ADAPTATIONS. 


In connection with the life cycle, biological studies have shown 
remarkable adaptations of insects to almost every condition in nature. 
Striking adaptations for respiration, locomotion, feeding, protection 
and almost every other necessary function have been found in aquatic 
insects as well as most types of terrestrial life. In the case of insect 
eggs for instance we find some placed on stalks to prevent their destruc- 
tion by active insects. When the egg is laid in water it is so constructed 
or placed that the egg will be supplied with both air and water, even 
when the water level changes. If the egg is placed in plant tissue, some 
provision occurs which prevents the pressure produced by. the growing 
cells of the plant from crushing it. In order to insure the proper con- 
dition the plant stem or twig may be girdled or an incision cut in such 
a way that the growing tissue will expand into this opening thus pre- 
venting pressure on the egg until after it hatches; or growth may be 
inhibited in that portion of the plant where the egg is placed. The 
plum curculio egg on fruit is placed in the tissue after this provision is 
made. The tree hopper places parenthesis-like incisions around the 
egg which prevent crushing while the twig girdlers provide not only 
this condition, but also assure the proper medium in which the larva 
may feed. 

All work pertaining to the study of insect biology in relation to the 
formation of insect galls, the appearance of the two sexes normally 
developed in alternations with the parthenogenetic viviparous genera- 
tions, or the development of winged and wingless generations occurring 
frequently in a single species and these alternating between different 
food plants have been outstanding contributions toward our conception 
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of the biologic complications and adaptations of insects and have 
incidentally furnished some of the most puzzling problems which we 
have attempted to solve. 

Certain of our important insect pests are native and have gone 
from wild to cultivated types of plants. Biological studies of ‘certain 
of these have been valuable contributions in showing us the relat'onship 
of the insect to native vegetation and how the insect has become 
adjusted to artificial cropping. The chinch bug is a good example, in 
which case the Andropogan grass of the prairie furnished the thatch 
roofed abode for hibernation. The distribution of the insect has 
corresponded in general with the distribution of these bunch grasses. 
It has thus survived and remained a pest since the two generation 
cycles fit perfectly into the wheat and corn cropping of this area. Many 
similar examples of economic species could be cited to show the same 
results with native insects. 


HABIT. 


One of the most interesting and important factors wh’ch has been 
revealed by biologic study is the place of what we might term “habit”’ 
in the life of the insect. We commonly speak of this as instinct in 
spite of the fact the psychologist has refused to recognize anything 
as instinctive. But certainly the hatching larva has neither knowledge 
nor conditioned reflex to guide it in performing a certain definite and 
specific type of behavior. The codling moth, for instance, upon hatch- 
ing, will crawl to the calyx of the apple and many times will travel 
a considerable distance to find it. The oriental fruit moth will refuse 
to ingest the first portions of tissue taken from the surface of the fruit. 
Certain insects, like the Indian meal moth, will migrate long distances 
before pupation. We might go on to mention habits such as leaf- 
rolling, leaf tying and many cases where habit plays an extremely 
important role in the life of the insect. Numerous contributions of 
this type have been added to our knowledge of insect life by biological 
studies. 

A knowledge and understanding of biology has been almost entirely 
lacking, however, in ecological survey problems. In these studies 
insects have been obtained from a wide variety of habitats and the 
investigator has attempted to associate each of these with a specific 
habitat condition. Frequently the writer has been asked to identify 
a large amount of this material in his special field. An attempt to do so 
revealed the fact that only a small percentage of the species which 
should have been obtained was found or observed in the field by the 
collector, and that those species collected were cosmopolitan and were 
known to exist under widely different habitat conditions in nature. Asa 
consequence, such results have been of little or no value in view of the 
investigators lack of knowledge of insect biology and of insects and their 
habits in nature. The only valuable contributions of this kind have 
been made by those who are specialists on certain groups of insects 
which they have studied in the field and consequently are acquainted 
with biology and habits in these groups which exist in limited and 
specific associations. 
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PARASITE STUDIES. 


One of the most important and outstanding contributions which 
has been made, is the enormous amount of biologic and life history 
studies,,completed or in progress, of parasites of economic insects. 
If we ever succeed in the establishment of a biologic balance in nature 
the parasites of insects will be a primary factor. The results that have 
been obtained have laid the basis for this work. Through these studies 
we have learned what we know about parasite and host relationships in 
such problems as host selection or preference, and alternation of hosts, 
hyperparasitism, superparasitism, polyembryony, comparative fecundity, 
paedagenesis, and many other parasite problems. 

Some of the most striking and unique examples of adaptation to 
the life history of one or more species of insect host has been dem- 
onstrated by work in this field. The relative rate of reproduction and 
development as compared to the host under varied climatic conditions 
has demonstrated the limitations in certain of these biologic relation- 
ships as well as the opportunities for economic success. Several of these 
parasite life history studies have been so unusual and difficult, especially 
in regard to the tracing out of certain portions of the cycle, where the 
larva must find the host, that the solutions of these problems have 
been outstanding contributions to our knowledge in this field of work. 

Biological studies in America of many types of Diptera and insects in 
other orders have demonstrated the probable origin of parasitism in 
these insects. If we cite the example of the screw-worm fly we find an 
insect which usually spends its entire feeding period on decomposing 
animal tissue of dead organisms. On the other hand, the female is 
frequently attracted to decomposing tissue in wounds of living animals 
for oviposition. From this point the insect takes up a parasitic habit 
in living tissue. This seems to be a transitional form between a 
scavenger on the one hand and a parasite on the other. It certainly 
is a real parasite in the making. 


THE INSECT IN ITS RELATION TO OTHER ORGANISMS. 


If we turn to look at the relationship of the insect to bacteria and 
protozoa, especially as these organisms cause disease in plants and 
animals, we find that biologic study has produced a vast array of con- 
tributions in this field. 

Probably the most unique association which has thus far been 
demonstrated in the case of plants is the example of the cucumber beetle 
and its relationship to cucumber wilt. It has been demonstrated that 
the bacteria which cause cucumber wilt are commonly found in the 
alimentary tract of the cucumber beetle and can pass the winter in this 
way. The most amazing thing, however, is that the bacteria apparently 
do not live through the winter in any other form or manner and that 
the disease is dependent for its survival upon this insect which hibernates. 
In other investigations insects have been demonstrated to be important 
or sole transmitters of fire blight, mosaic diseases, curly top of beets 
and other organisms or viruses which cause diseases in plants. Other 
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diseases produced in plants chiefly by sucking insects are apparently 
caused by injecting toxins or other prevention of natural plant processes. 
Such conditions as hopperburn, alfalfa yellows, dwarfing and stunting 
are typical. Also growth in fruits may be inhibited in certain local 
areas by insect punctures or the injection of toxins. 

A great variety of conditions are found when we study the relation- 
ship of the insect to protozoa, bacteria and other parasitic organisms 
in the case of man and other animals. Chief among these problems are 
a group in which the insect is the primary host of the protozoan and man 
or other animals are the secondary hosts. Malaria is a typical example. 
In such problems the protozoa cannot complete their sexual cycle except 
in the body of the insect which apparently is not seriously affected by 
the presence of the protozoan while the disease condition is produced 
in man. 

In some cases the organism apparently has no definite relationship 
as a host, but merely passes through the body without affecting it and 
causes disease in man through fecal infection, especially in wounds. 
Trench fever is a good example of this type. 

In other cases disease organisms are transmitted by the body and 
mouth parts of insects in view of their habits of feeding upon waste 
products of alimentation which contain these and soon afterward 
feeding upon man’s food. Or soiled mouthparts may transmit from 
blood stream to blood stream. 

In cases like the Texas cattle fever where the tick is the vector, 
biologic studies have shown a cytoplasmic transmission of the protozoan 
from mother to offspring. The young ticks upon hatching are then 
able to produce the disease in cattle. 

Biological studies of insect parasites of man and animals have also 
shown many different types where the larva spends many weeks or 
months attached to the stomach wall, living upon digested food or 
embedded in muscle or other tissue. All the vital systems of the body 
as well as the external structures are attacked by various of these insect 
parasites. The biological studies have been noteworthy in this field, not 
only because of the contribution to our knowledge of the great array of 
biological complications in these insects, but also because of their 
relationships to these one-celled organisms and to the vertebrate hosts. 


HEREDITY. 


Incidentally, rapid and enormous progress has been made in heredity 
through biological studies of insects. The rapid rate of reproduction, 
the short time required for development to maturity, the ease of handling 
and rearing these on artificial media or under artificial conditions, and 
the consequent large numbers of both generations and individuals 
which can be produced in a comparatively short space of time have been 
important factors in the biology of the insect which has rendered it an 
excellent laboratory material for this phase of work. Through this 
medium many important facts concerning the transmission of inherited 
characters and the behavior of genes through varied matings have been 
obtained. 
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Significant data has been accumulated from insect biology upon such 
problems as sex chromosomes and their behavior, linkage and crossing 
over, sex linked inheritance and reverse mutation. From the same 
material important information has been gained concerning the diploid, 
triploid and tetraploid types of chromosomes and their significance. 
Also many additional curious facts or phenomena, such as, the lethal 
effects of homozygous conditions in many dominant mutants, have been 
found to occur in insects. 

Although these data have not been gained directly by the entomol- 
ogist, results have been obtained largely by insect biology work, the 
result of which has been a significant contribution especially since 
important laws have been formulated by means of these data, which laws 
are fundamental in all biology work with plants and animals and 
consequently are fundamental bases for our science and its future 
problems. 

We might cite one instance to show how heredity has affected our 
present day problems. Biological studies have demonstrated very 
definitely that in a number of instances we have closely related insects 
which in nature behave differently biologically, but which are still 
designated by the same scientific and common name. So far as we 
know there are no morphologic structures which will distinguish these 
forms which differ biologically. Color patterns are identical; size, form 
and habits are the same, but we have two apparent biologic species. 
The two strains of European Corn Borer which have been introduced 
into America are apparently two such biologic species. They behave 
differently biologically under exactly the same atmospheric conditions 
and when the same food supply is present. The codling moth, the 
trichogramma parasite and many other insects exhibit the same con- 
dition. The taxonomist cannot be blamed for this condition, because 
he has not recognized these as separate forms up to the present time. 
We can place this responsibility, therefore, only upon the laws of heredity 
and variation. Numerous examples of this kind have definitely 
demonstrated that the factors of variation and selection are so closely 
associated with biologic work that we may expect to find biologic strains 
or races arising at any time. 

These studies have also demonstrated that regardless of the 
environmental factors which surround the species, so long as we are 
working with living insects, we may expect to find the gene playing an 
important role in regard to variation or mutation and as a result natural 
selection. When we attempt to study or formulate the biology of any 
insect these phenomena must be taken into consideration. 
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CONTRIBUTIONS TO MORPHOLOGY OF INSECTS.* 


WILLIAM P. HAyEs, 


University of Illinois. 


Morphology is fundamentally a descriptive science. Our descrip- 
tions by comparison with other species lead to ideas of relationships 
that take us into the theories of evolution. If we are concerned with 
the phylogenetic aspects while attempting to understand homologies, 
we are then browsing in the field of comparative anatomy. It is 
evident, then, that a knowledge of morphology is basic to a knowledge 
of function and physiology, and that a knowledge of phylogeny depends 
upon morphology as well as embryology and paleontology, both of 
which are studied mainly from the structural standpoint. As regards 
taxonomy, except for some feeble attempts to establish physiological 
and ecological species, its dependence on morphology for our systems 
of classification can be summed up in the recent statement of Ferris 
(1928) in which he writes, “the greater part of our work in systematic 
entomology must be based upon a study of external structures, that is, 
upon morphology. It follows that morphology and systematics are 
essentially synonymous and inseparable. A genuinely scientific system 
demands that every structure which is to be found upon the body of the 
insect be taken into consideration and until that has been done our work 
is to be regarded as incomplete.”’ 

Having briefly indicated some of the related fields to which 
morphology may contribute in advancing the study of insects in America, 
let us turn to a consideration of some of the important morphological 
works produced in America. We find, first, that the field is divided into 
gross and microscopic anatomy (histology). In spite of the fact that 
no logical or rational study of morphology can be accomplished without 
due consideration of insect histology, it is apparent that our con- 
tributions to insect histology are lagging far behind the advance being 
made in the study of gross structure. An exception may be made to the 
foregoing if we, as we should, give consideration to the progress made 
in insect cytology. Strangely enough, most of the work done in this 
field is carried on by zoologists and others not professing to be ento- 
mologists. By far the greater number of papers in this field deal with 
the subject of spermatogenesis. Notably among the contributions in 
this field are the works of Wilson (1905) in Hemiptera, McClung 
(1900-1908) in Orthoptera, and Hegner (1909) in Chrysomelid beetles. 
Most of our efforts in the study of spermatogenesis have been on 
individual species, such as the work of Charlton (1921) on the spermato- 
genesis of Lepisma domestica. Of greater importance are those papers 
involving comparative studies among which are the works of Boring 


*Contribution No. 143 from the Department of Entomology of the University 
of Illinois. 
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(1907) involving twenty-two species of Membracide, Cicadellide, 
Cercopidze and Fulgoride; Browne (1916), whose work deals with 
six species of Notonecta and Goldsmith’s (1919) comparative study of 
spermatogenesis in Tiger beetles. Another type of cytological con- 
tribution is the study of the somatic cells, among which may be cited 
the works of Marshall (1907-1908) and Marshall and Vorheis (1906) 
dealing with the body cells of the walking stick and a species of 
Trichoptera. The recent papers of Ferris and Chamberlin, (1928), 
Campbell (1929) and Snodgrass (1929) bid fair to revolutionize our 
ideas of the structure of insect cuticula. 

A greatly neglected field is that of insect pathology; little has been 
accomplished in this work, although we can cite the works of such 
writers as Glaser (1915) and others who in studying insect diseases are 
more concerned with the causal organisms than with the pathological 
results induced by invading disease. The general field of insect histology 
has been lightly sprinkled here and there with scattered works describing 
the microscopic features of various tissues and organs. Examples of 
American contributions of this nature are the widely quoted works of 
Hess (1917) on chordotonal organs, Glaser’s (1912) study of oenocytes, 
and Muttkowski’s (1923) recent paper on the structure and composition 
of insect blood. Jordon’s histological studies of insect muscles in 
Mantide (1919) and Hymenoptera (1920) which are without doubt 
the best works of this nature that have been produced in America, 
and Riley’s (1908) study of the muscle attachment of insects is frequently 
a matter of reference. The study of the nervous system, especially 
from its histological aspects, has been considered by Hilton (1917, et al.) 
and of increasingly greater importance to economic entomology are 
those works dealing with the sensilla of insects, notably among which 
are those of McIndoo (1914) treating with the olfactory sense. 

Insect embryology has had comparatively few American morpho- 
logical contributions. One of the earliest works on the development 
of insects before hatching is Packard’s (1883)* paper on the embryo- 
logical development of the locust in the third report of the United 
States Entomological Commission. Wheeler’s (1889) works on Blatta 
and Doryphora (Leptinotarsa) are perhaps the most widely quoted, 
while our most extensive work is Nelson’s (1915) treatise on the honey 
bee, which was followed by a detailed anatomical account of the larva, 
(1925). Recently Braur (1925) has issued a noteworthy paper on the 
four-spotted bean weevil (M ylabris quadrimaculatus Fab.) and Snodgrass 
(1926) has compiled in his ‘“‘ From an Egg to an Insect,”’ a masterful and 
highly readable summary of our present knowledge of insect embryology. 
Polyembryonic development from its morphological aspect has been 
considered by but three American workers. Patterson’s (1921) con- 
tributions to the development of Paracopidosomopsis parasitic on the 
Cabbage looper was followed shortly after by Leiby’s (1922) paper on 
Copidosoma, a polyembryonic Encyrtid developing in the Golden-rod 
gall-maker. Leiby and Hill (1923 and 1925) have jointly considered the 


*Minot (1878) reported preliminary embryological studies of the locust in 
the First Report of United States Entomological Commission. 
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development of two polyembryonic species parasitic on the Hessian 
fly. These are the sum total of our work of this nature in America 
and may all be considered as pioneering, fundamental studies. 

Leaving at this point the discussion of contributions pertaining to 
histological and embryological morphology and turning to a considera- 
tion of studies on the gross anatomy of insects, it should be first pointed 
out, that in spite of the fact that there is scarcely a morphological fact 
but what has some practical application, American morphology has 
suffered from a dearth of adherents. Dr. Joseph Leidy may probably 
be considered our earliest American insect morphologist. In 1846 he 
published an anatomical study of the walking stick; this was followed in 
1847 by two papers on Belostoma, one concerning the mechanism of the 
wings and the other on general anatomy. Recent workers devoting 
most of their efforts to morphological subjects can be counted on the 
fingers of one hand. In fact, but three American investigators stand 
out as pre-eminent morphologists, MacGillivray, Crampton and 
Snodgrass. MacGillivray is best known for his External Insect 
Anatomy (1923) his studies of wing venation of Tenthredinide (1906) 
and the contributions of his graduate students. His greatest work was 
his attempt to standardize morphological terminology and although he 
has added much to the confusion already existing by the proposal of 
many new terms and the naming of many minute, new structures, it 
has been ‘the only serious attempt to straighten out the chaos which 
has arisen in the past. This effort has attempted to do for all insect 
terminology what the laudable work of Comstock and Needham (1898- 
1899) has done for the standardization of wing venation terminology. 
Furthermore, the works produced by his students have rarely been 
duplicated in America. Among these we find Peterson’s (1916) work 
on the head capsule of Diptera, Stickney’s (1923) head capsule of 
Coleoptera, Hoke’s (1924) studies on the head and mouthparts of 
Plecoptera, Otanes’ (1922) work of the same nature on the Mecoptera 
and Yuasa’s (1920) treatise on the head of Orthoptera and Euplexoptera. 
The morphological studies of Fracker (1915) on the larve of Lepidoptera, 
Gage (1920) on larval Coccinellidze and Yuasa (1922) in immature 
Tenthredinoidea were likewise done under MacGillivray’s supervision. 
These are of special value in their taxonomic treatment of the immature 
stages of these orders. 

Crampton’s morphological papers are quoted in almost every modern 
morphological treatise. These, in most instances, are aiming at the 
broader aspects of phylogenetic relationships treated from the stand- 
point of comparative morphology. From his early works on the 
comparative morphology of thoracic sclerites (1909 e¢ al.) down to his 
most recent works, Crampton has admirably striven to advance by 
comparative anatomical studies our knowledge of structural homologies. 
One of his works which I deem most important is his ‘Suggestions for 
the Standardization of Technical Terms in Entomology,’’ (1915). 
The morphological works of Crampton’s students are likewise mention- 
able as worthy morphological additions to our study of insects. 
Bromely’s (1926) recent paper on the anatomy of Tabanus atratus Fab. 
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is an important anatomical study of this family of Diptera. Merrill’s 
(1915) work on Pimpline Hymenoptera and Franklin’s (1912-1913) 
monograph of the Bombide of the New World contain anatomical 
studies upon which the classification of these groups are based. 

Johannsen and his students at Cornell have added to our whole by 
such contributions as that of Wu (1923) on the anatomy of Nemoura, a 
Stone-fly, Lloyd’s (1921) North American Caddis-fly larvae, and Buys’ 
(1924) study of the adipose tissue of insects. Johannsen, himself, while 
primarily a taxonomic specialist in Diptera, has done some good morpho- 
logical work, an example of which is his paper on the histology of the 
eyes of Drosophila (1924) and it is reported that he will soon publish an 
important embryological study of Lepidoptera. 

Comstock’s morphological treatise of insects in his early ‘‘ Manual”’ 
(1916) and his more recent ‘‘ Introduction"’ (1924) can not be overlooked 
because of their having an important bearing on the trend of anatomical 
study, nor can the laboratory guide of Comstock and Kellogg (1925), 
Elements of Insect Anatomy, be passed over lightly. There is scarcely 
a modern entomologist that does not owe his knowledge of insect 
structure to these works gained from classroom and subsequent use of 
these important source books. 

Without doubt the foremost American morphologist is R. D. Snod- 
grass. For over a quarter of a century his entomological studies have 
been practically entirely devoted to insect structure. Not only is hea 
thorough student of anatomy, but an excellent artist and a pleasing and 
lucid writer. His early work on the anatomy of the Carolina locust 
(1892) is still much used, and his first bulletin on the Anatomy of the 
Honey bee (1910) has recently been converted into a much larger work 
on the Anatomy and Physiology of the Honey bee (1925). This is the 
most comprehensive anatomical work on a single insect done on this 
continent and will rank with such European classics as Straus Durck- 
heim’s (1828) work on the Cockchafer and Lyonnet’s (1762) work on 
Cossus. We are soon to have published by him a general textbook on 
insect structure which if consistent with past performance should excel 
in its field. The works of Snodgrass cannot be passed over without 
mentioning his work on the Apple maggot (1924) which for its detail and 
illustrations is unsurpassed. His recent series of papers in the Smith- 
sonian Reports are the most commendable morphological papers yet 
published. In these he has brought together a résumé of the present 
condition of our knowledge in the various fields which he has so far 
discussed. His ‘‘ Morphology and Evolution of the Insect Head and its 
Appendages”’ (1928) is composed of more than 150 pages with an 
excellent bibliography and contains 57 illustrations. He has treated 
the subject of the insect thorax (1927) in a similar manner and those of us 
interested in this field look forward to a similar treatment of the 
abdominal structures. Two other summaries of a similar nature are his 
treatment of insect embryology and postembryonic development in his 
“From Egg to Insect” (1926) and his review of the all-important 
sensory structures of insects in a paper entitled ‘The Morphology of 
Insect Sense Organs and the Sensory Nervous System”’ (1926). Works 
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of this kind are of inestimable value in bringing together and reviewing 
from time to time the present status of our science. We can do no 
better in closing, than quote a statement from the last mentioned 
work of Snodgrass (p. 75) in which he says: ‘‘ The last twenty-five years 
has seen a vast increase in our knowledge of insect structure in 
general, . . . . but by this very increase of printed information the 
work of assembling and reviewing can scarcely be done except by one 
who has all his time to devote to it. We must note with satisfaction, 
however, the increasing importance being given to morphology by the 
authors of our present general texts on entomology, and it is clear that 
the painstaking work of recent students will give to the subject of insect 
anatomy in the future a higher scientific standing than its adherents 
have heretofore been able justly to claim in its behalf.’”’ Finally, it 
should be pointed out that many good morphological works have been 
omitted from consideration herein because of the time limit of this 
symposium. The morphological papers herein considered may not all 
be American masterpieces, but each, in its own way, is an indication 
of the trend in the past toward the development of our knowledge of 
insect morphology. 


CONTRIBUTIONS TO PHYSIOLOGY OF INSECTS. 


Everett F. PHILLIPs, 
Cornell University. 


One who attempts at this time and place to evaluate America’s 
contribution to our knowledge of the biochemistry and biophysics 
involved in insect dynamics is embarrassed by the fact that part of 
the 1926 and all of the 1927 symposia of the Society were devoted to 
similar discussions. The recent excellent summary on insect nutrition 
and metabolism by B. P. Uvarov also limits the desirability of references 
to specific papers. The greatest embarrassment comes from the vast- 
ness of the suggested subject. Under these circumstances it seems 
desirable to attempt merely a brief discussion of the place which 
physiology holds in American entomology. It may be said parentheti- 
cally that the physiology here discussed is not that based on guessed 
analogies or even on attempted homologies with functions in other 
phyla, which is the greatest source of inaccuracies in our assumed 
knowledge of insect dynamics. To the insect physiologist, an insect is 
something that happens, not merely an interesting bit of architecture 
on a pin. 

Research of all countries gives us a vast store of information on the 
dynamics of insects, and it is immaterial where the work is done, except 
for the confusing Babel of tongues. That Americans have helped in 
this work is shown by a cursory survey of the literature, of which the 
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following are mere suggestions. In respiration, there are important 
papers by Lee, Welch, Cole, Clare, Bodine and Orr, Fink, Northrop, 
Muttkowski and Thorpe; in circulation problems by Gerould, Mutt- 
kowski, Haber, Bishop, Glaser, Hungerford, and Bodine; in blood 
sugars, by Blumenthal and Bishop; in nutrition and metabolism, by 
Swingle, Baumberger, Chapman, Abbott and Northrop; in the effect 
of colloid-bound water, by Robinson; in the effect of temperature on 
rates of activities, by Shapley and Crozier; in changes due to low 
temperatures, by Bodine and Payne; in chemistry of the entire organism, 
by McHargue, Davis and Rudolfs; in the physiological significance of 
symbionts, by Cleveland, Loeb and Northrop; in pH values, by Swingle 
and Crozier; in toxicity, by Campbell; in vitamins in relation to growth, 
by Richardson; in factors limiting length of life, by Pearl and Parker, 
Northrop and Glaser; in salt requirements, by Loeb. So the American 
list might be prolonged in every phase. 

Uvarov cites 598 papers on insect nutrition and metabolism, not all 
strictly entomological, of which 15 percent are American and lists 425 
authors of whom 14 percent are Americans. In his two symposium 
papers, Welch cited 59 authors of whom 35 are Americans and 77 papers 
of which 46 are of American origin, but from the nature of the occasions 
for these papers citations were restricted. It is absurd to ask or to 
intimate whether the American investigations are more or less extensive, 
or better or worse than those of other countries. Our only concern 
should be whether Americans are doing their share and whether we 
are doing what our own needs in entomological work would dictate. 

Most of the physiological papers by American entomologists have 
come from institutions other than those in which agriculture forms the 
basis of the curriculum, and several universities where non-economic 
entomology is taught have produced excellent work in this field. Of the 
American papers cited by Welch in his two symposium papers, only a 
few eminate from agricultural colleges, and of those listed by Uvarov, 
less than half come from agricultural institutions. 

Many of the most important American papers on insect physiology 
are written by men who make no claim to being entomologists and the 
average entomologist would not admit that they belong to the fraternity. 
A biochemist or physiologist, looking for suitable material for his 
research, goes to whatever branch of the animal or plant kingdoms will 
furnish him the most suitable species, and it is merely our good fortune 
if he selects an insect. Any discouragement of such work would be 
narrow and highly inadvisable, yet it is probably true that, other things 
being equal, such work would yield results of greater moment to 
entomology as a whole if done by those thoroughly familiar with other 
aspects of entomology. 

While highly important contributions have been made by Americans 
in insect physiology, still American entomology has to a large degree 
ignored physiology, so that it is important to learn the cause or causes 
of this neglect. The chief impetus to the marvelous development of 
American entomology has been the necessity for control measures 
against important pests. In the first urgency, there is neither time nor 
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opportunity for physiological investigations, and for many pests the 
work is still admittedly in an elementary stage. Generally a second 
step is to find parasites, which work, while it is chiefly concerned with 
other biological relationships, implies physiology, but so far rarely 
includes it. The need for additional workers has also led many persons 
to engage in research work in economic entomology whose training and 
experience are such as not to enable them readily to do physiological 
work. There seems in this combination of circumstances to be a set of 
influences which have retarded physiological work on insects. It is 
a favorite pastime of those entomologists who dub their own work 
‘‘pure”’ to decry the methods of economic entomologists, yet if it is 
remembered that much of this work is just beginning, and if it is recalled 
that some sort of control is immediately needed, another light is placed 
on the situation. It is only to be regretted that in many instances 
available methods of attack are not utilized, and physiology seems to be 
one of the most potent tools at the disposal of the economic worker. 

Probably the worst indictment that can be brought against economic 
entomology is that workers in this field sometimes fail to appreciate 
the fact that the destruction of the insect does not always solve the 
problem which it presents. If the application of spray or dust materials 
results in the killing of pollinating insects in the orchard, if a dangerous 
arsenical residue remains on fruit which it is costly or impossible to 
remove, if it makes the already troublesome problem of marketing 
more difficult, if the application of a control measure upsets that vague 
but very real thing called the balance of nature to a degree which 
endangers the crop sought to be saved or some other crop, or if the 
control measure so seriously upsets social and economic conditions as 
to be more costly to mankind than the pest itself, the solution advocated 
is scarcely a success and is biologically or socially unsound. Such 
faults often arise from basing the efficacy of a control measure merely 
on counts of the number of insects killed or on the reduction in their 
numbers, and this is not sound economic entomology. The tremendously 
complex economic and social problems involved are too often lost to 
view in the belief that the most important thing is to kill the bug. 
In this connection it seems timely to condemn without reservation the 
promiscuous broadcasting ‘of arsenicals over the countryside, not 
merely because it is a laughable example of the American way of doing 
things in a big way, but because it is biologically rotten to the core. 
Broadcasting happens not to be nature’s way of balancing natural 
forces, and no biological problem can properly be attacked without at 
least mild adherence to natural law. 

While economic entomology is dominant, those particular types of 
work so far undertaken tend to be self-perpetuating and this retards 
the efforts for new lines of attack. Where agriculture is the basis of the 
curriculum, the work in entomology offered, at least to undergraduates, 
must largely be that which fits the student as well as may be to attack 
the practical problems with which he will later be faced. It is natural 
and proper in such institutions that taxonomy, life history studies, 
some ecology and, most vital of all, practical control measures shall be 
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included. Morphology, physiology and the more complex and special- 
ized phases of ecology and taxonomy are almost inevitably subordinated. 
This situation here sketched hastily and with corresponding inaccuracies 
at least gives a plausible excuse for the present neglect of physiology in 
agricultural institutions where the vast majority of graduate students in 
entomology are now found. There is the additional difficulty of the 
type and amount of training considered necessary for physiological 
work, which will be mentioned later. 

Three agricultural institutions which are strong in entomology now 
offer courses in insect physiology and one other has definite plans for 
the inauguration of this work next year. In still another institution 
where physiology is acutely appreciated, advanced students in ento- 
mology are regularly sent to another department for training and 
guidance in physiological research. Most agricultural institutions, 
even some where entomology is strong, have failed to do anything 
in this field, and it is of course obvious that more entomologists are now 
trained as both undergraduates and graduate students in agricultural 
institutions than elsewhere. In practically all cases the inclusion of 
physiology in the entomological work is relatively new, but rapid 
advance is being made in some institutions and more and better work 
is planned and promised for the immediate future. 

Modern physiological work requires extensive training and exper- 
ience. Since the entering graduate student, especially if he comes from 
an agricultural college as most of them do, has rarely had courses as an 
undergraduate which fit him to undertake such work, considerable 
time is usually considered necessary to take special courses which might 
lead to physiological research. If these courses are so arranged that 
they may be cleared off quickly by intensive effort, the delay is not 
serious, but in many institutions where these courses are entirely or 
largely independent of the entomological work and where they are 
offered primarily for students in other fields, they are often arranged as 
courses to be taken in series, so that the requisite time of preparation 
becomes an eliminating factor. On the other hand, many graduate 
students in entomology are unquestionably required to take too many 
courses in entomological subjects to allow them time for suitable prepara- 
tion for physiological work in insects. This is apparently an outstanding 
weakness in graduate work in entomology in several institutions. 
A teacher of graduate students can fill their time with required courses, 
apparently sometimes to keep them busy or to impress them with the 
immensity and complexity of his field, and a student can with the 
least labor and mental effort get some information regarding a special 
line of work by ‘taking a course in it. A good teacher and a good 
student form a combination which should be able to reduce course 
work to a low limit. The academic tradition that graduate work 
requires three years does not of course fit into a graduate student’s 
schedule where many courses are required or taken, if experience in 
research is expected. It is of course just as possible to require too much 
preliminary training in physiology as in any other phase of entomology, 
and this happens to be a fault often encountered. 
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This situation raises the question whether insect physiology should be 
included in the program of the department of entomology or whether 
it is as well or better to leave this work to other biological departments, 
such as Biochemistry or Physiology. The necessary administrative 
division of a college staff into departments often retards rather than 
promotes scientific progress and one of the greatest needs in academic 
work is to eliminate the petty jealousies and handicaps arising from the 
apparently necessary departmental organization, through a realization 
that science does not conform to the classifications of academic depart- 
ments. Most entomologists who are interested in physiology seem to 
feel that it is best for work in insect physiology to be done in the depart- 
ment of entomology. One suspects that part of this feeling is based on 
departmental jealousies, although part of it is definitely due to experience 
in finding that co-operation with other departments, while fine in theory, 
does not work. We might well leave to biochemists such highly tech- 
nical problems in chemistry as they may wish to undertake, but for the 
training of entomologists who are at the same time physiologists, it is 
essential under present academic organization that the student be trained 
in a department where insects are understood. Whether in theory 
this should be changed is rather immaterial, since we are confronted 
with a real condition in the present failure of academic departments 
to co-operate as they should. Almost every institution has such 
academic barriers to cross before insect physiology can be put on a 
sound basis. 

There are, of course, myriads of questions constantly arising in 
economic entomology on which physiological investigations would be 
interesting. Is it possible or probable that a physiological attack on 
economic entomology would be actually helpful? For lack of experience, 
there is here still room for some difference of opinion. There is, however, 
real reason to believe that such an attack would be more helpful in 
some cases than the types of work now common. A recent paper by 
Cotton and Young shows that the action of certain gases on respiratory 
processes may be made applicable to insect control. A knowledge 
of the rate of increment of various activities, especially on the rate of 
development, has already been used to some extent and has been 
speculated upon still more, and it is necessary only to mention the 
work of Headlee, Sanderson and Peairs to show that modification of 
rate of development due to temperature is economically important. 
One difficulty in the work of the effect of temperature has been a failure 
to appreciate, or at any rate to weigh, the obvious fact that temperatures 
at one or two times of the day are of little value, for temperature is a 
constantly working and ever changing factor, speeding up or retarding 
development every second of the day. So-called accumulated tem- 
perature fails to take into consideration the extreme rapidity with which 
a change in temperature changes these rates. The non-economic 
investigations of Crozier and Shapley have great significance here. 
They are beyond doubt, as Uvarov states, many cases in which a knowl- 
edge of metabolism will be necessary to proper control. I cannot at 
the moment think of any cases where a knowledge of circulation problems 
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might be applied, yet this is not impossible. Several papers have 
appeared on the effect of insecticides on insects, this being a highly 
practical consideration. The chief difficulty in this problem seems to 
be that so little is known of physiological processes that it is difficult 
or impossible properly to interpret the finding in the highly specialized 
problem. This work seems somewhat premature, which is said with no 
thought of criticism of those who have tried to solve it. 

The discovery that the European corn borer and Mexican bean 
beetle are restricted in their serious occurrence to areas adapted to 
certain soil types is of itself important, but this astonishing and hopeful 
findiing, instead of being wholly satisfying, at once causes one to wish to 
learn how this is true. Is there a physical or chemical difference in 
the plants grown on different soils? If such a difference exists, in what 
manner does it affect the insects? Such physiological differences have 
been claimed in the case of resistance to Phylloxera of American vines 
and in the comparative immunity to woolly aphis of certain fruit 
varieties, which suggests that it is high time to transfer the corn borer 
and Mexican bean beetle problems away from ecology into physiology 
and some recent work at the Wooster Station looks as if this were 
being done. Naturally such work might throw light on the distribution 
of many economic species, for frequently the place to study an important 
pest is where it does not exist. 

The apparent limiting effect of hydrogen-ion concentration on 
mosquito development, or perhaps it is the presence or absence of some 
salt or acid, the specialization of insects to certain host plants, or their 
occasional failure to stick to what was once their host plant, the pro- 
posed inner therapy for the control of sucking insects, these all are 
within the realm of physiology and should be attacked from that point 
of view alone. 

The moral of this tale seems rather obvious. Physiology as a tool 
should be used more widely for the solution of economic problems and 
more work in this phase of entomology would strengthen other phases 
of the work. Aside from a readily remedied shortage of teachers, 
the present lack of work in insect physiology in many institutions 
appears to be due more to difficulties of academic organization than to 
any other single cause, and it rests with the entomologists to point 
the way in the solution of these puzzles. Naturally one cannot expect 
a biochemist or physiologist to concern himself in finding the deficiencies 
in entomology as now presented and as used as a tool for research. 
The problem of enlisting physiology as a means of solving some of our 
troubles is being attacked in a few places and should be given serious 
attention in other institutions. Every advance in this phase of the 
work puts entomology in a stronger position with other branches of 
biology and it is scarcely necessary to suggest that such a strengthening 
is desirable and would be welcomed. It would be foolish to suggest 
any universal method for the solution of the academic difficulties out- 
lined, for each institution has peculiar internal influences which must be 
considered. It is not the purpose of this outline to give a full solution, 
but rather to indicate the reasons for the present neglect of physiology 
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in entomology, as well as to suggest the vital necessity of finding means 
to strengthen it. 

About the most unwise undertaking on which one may embark 
regarding scientific work is prophecy. Yet viewing the progress already 
made and sensing the possibilities for further applicable knowledge, 
one is led to hazard a guess that within another decade or so, additional 
insect physiology will be recognized not only as essential from a purely 
scientific standpoint, but eminently useful and virtually essential in 
many economic aspects of the work. It will be difficult for all entomolo- 
gists to enlist in the army of physiological workers, but those who remain 
outside may be left at the rear of the procession of progress. If there 
were any reason to look on a study of insect dynamics as merely another 
scientific fad, one could advise that it be scorned, but it is no fad to 
learn how insects live. 

In order to promote this work, certain changes in our personal points 
of view regarding physiology seem desirable. For those not yet engaged 
in such work it is important to get away from some fear of the technique 
which apparently exists. The fact that one has reached the age of 
thirty or more, or that his formal academic training is past is no excuse 
for avoiding this field. In academic training there must be a clearer 
recognition of the fundamental value of physiology and it must be 
included in the training of graduate students, even though it necessitates 
the elimination of courses which are now considered necessary. 
Physiology is not the first phase of entomology to be undertaken, 
but it is certainly one of the most vital. 

Apologies are due the Society for so great a departure from the 
subject assigned. Further apologies may be considered desirable 
because of the emphasis which has been placed on the lack of 
physiological research in economic entomology, yet when one con- 
siders the necessary emphasis on economic phases of the work under 
American conditions, it seems to be a true picture of American 
entomology to stress this part of the work. It would have been a 
pleasure to use the time allotted to point out noteworthy things that 
Americans have accomplished in insect physiology, and even an easier 
task. One could almost make the eagle scream in this way. We 
Americans are accused of being too prone to advertise our virtues, 
so perhaps it is permissible to try to suggest reasons for one of our 
lacks. .It is at any rate more in keeping with our desires to do this 
ourselves rather than to have it done by others. 

The situation, while here painted somewhat discouragingly is still 
one of real hope. There is evidence of progress in agricultural institu- 
tions along lines of a study of insect dynamics and several institutions 
are now making plans either to introduce or to increase their work in 
this line. We can at least express the hope that their progress will 
be rapid. 
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CONTRIBUTIONS TO ECOLOGY OF INSECTS. 


SAMUEL A. GRAHAM, 
University of Michigan. 


Insect ecology is a mere infant as compared with the other sub- 
divisions of entomology and it would seem therefore that the discussion 
of the important contributions of America in this field would be a 
relatively simple undertaking. But after the present effort it appears 
clear to at least one individual that such is not the case. 

It has been only sixty years since Haeckel proposed the name and 
defined the scope of ecology and only a little more than twenty years 
since the importance of this field has been even slightly recognized by 
entomologists. Not until very recently has ecology come to occupy 
an important place in the eyes of the entomological profession as a 
whole. It is doubtful if as recently as ten years ago the subject ecology 
would have been included at all in such a symposium as this. Today 
insect ecology is accepted as a well defined and important division of 
entomology. So thoroughly has it been accepted that some of us can 
scarcely realize that it was not always thus. 

Exactly twenty-one years ago today, December 28, 1908, at the 
annual meeting of the American Association for the Advancement of 
Science in Baltimore, Dr. Forbes in his presidential address before 
the Association of Economic Entomologists made a prophecy. He 
expressed the opinion that ecology, together with the application of 
biometric methods, would play a prominent part in the future develop- 
ment of economic entomology. His remarks on the economic applica- 
tion of ecology received little attention and passed unmentioned in the 
discussion which followed, despite the fact that at least two of those 
who took part in the discussion, Sanderson and Hopkins, later were to 
make notable contributions to insect ecology. 

At that time entomological papers of an ecological nature were just 
beginning to make their appearance, although they were frequently 
unrecognized as ecological even by their authors. During the two years 
1908 and 1909 six papers that might be regarded as ecological in char- 
acter appeared in the Journal of Economic Entomology, then, doubtless, 
the most likely place in which to look for such material. These 
comprised only about 4 per cent of the total number of articles that 
appeared in the above mentioned volumes. 

Compare this with the number of ecological articles published in 
the same journal during the last two years. During 1928 and 1929 the 
Journal of Economic Entomology published forty-eight articles of an 
ecological nature which comprised approximately 15 per cent of the 
total number of articles published, a very considerable increase especially 
when we consider that a number of other periodicals are now printing 
papers on insect ecology. In addition to this increase in ecological 
papers, a distinct ecological trend may be observed in many works 
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dealing with biology and control. For instance, the recent publications 
on the codling moth, the corn borer, the Japanese beetle, and the 
Mexican bean beetle show distinctly the influence of an ecological 
approach. 

At the time of Forbes’ prophecy the influence of environment 
was seldom considered in biological studies. Insects were reared and 
the stages described without attempting either to control or measure 
even the most obvious physical factors, like temperature and moisture. 
We learn from these biological studies that the period of incubation 
for the eggs of a certain insect is so many days, that the larval period 
is so and so, that the insect remains in the pupal stage just so long 
before emerging as an adult, but seldom are we told under what con- 
ditions these facts are true. It was not at all unusual for entomologists, 
especially the inexperienced, to calculate on the basis of such laboratory 
observations the number of generations through which an insect species 
might be expected to pass during a season under natural outdoor 
conditions, without realizing that environmental factors inside and 
outside the laboratory were very different. 

Today such inaccuracies as those just mentioned are rarely found in 
entomological literature. Almost without exception some effort is 
made to evaluate the influence of environmental factors and often the 
facts observed are interpreted in terms of these factors. Undoubtedly 
Dr. Forbes’ prophecy of twenty-one years ago is coming to pass and the 
ecological approach to entomological problems, especially in the 
economic phases of entomology, is becoming more and more important. 

But economic entomology is not the only field in which ecology is 
finding a useful place. The influence of environmental factors, like 
food, moisture and temperature, are being considered more and more 
in taxonomic investigations. The morphologist, the parasitologist, the 
physiologist, likewise appear to be concerned more and more with both 
physical and biotic environmental influences. 

From this brief review of the entomological situation as it exists 
today we must conclude that ecology, or at least the ecological attitude 
toward entomological problems, has doubtless come to exert a marked 
influence upon the study of insects. But what are the chief con- 
tributions in America that have brought about this condition and have 
led us to regard insect species as a part of, and to a certain degree the 
result of, the environment in which they live, rather than more or less 
unrelated entities? 

This is not so simple a question as it may appear to be at first glance. 
Perhaps it cannot be answered at all at present. Numerous important 
papers come to mind, but with them come others of apparently equal 
value. Can we say that any single contribution or group of con- 
tributions lies behind the rather phenomenal growth of the ecological 
concept in entomology’ Is not this development the result of a gradual 
realization, growing in the minds of numerous workers at the same 
time, that the conception of each animal as an entity in itself is inade- 
quate, and that the consideration of animals as part of the environmental 
complex is necessary to the satisfactory interpretation of existing facts? 
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If this is true, then we cannot expect to find in literature the cause of 
ecological development in the study of insects. The published facts are 
the results of this development rather than the cause. But even 
though the underlying cause of ecological development must be looked 
for elsewhere, certain published works have wielded a greater influence 
than others in guiding the trend of ecological development. 

One of the first that comes to mind is Chapman’s book, ‘‘ Animal 
Ecology with Special Reference to Insects.’’ This work is of especial 
value for two reasons. First, it brings together under one cover a great 
mass of material which is widely scattered and often inaccessible to 
the average worker, and secondly, it organizes and clarifies our ecological 
concepts. In this book Chapman has formulated laws and principles 
that apply not only to insects, but to all other life as well, and by so 
doing has gone far to show the unity in the multitude. 

For instance, his conception of the powers of multiplication possessed 
by insects and the effect of environmental factors as being measurable 
forces has done much to make real that formerly ephemeral phenomenon, 
biotic balance. The idea that various elements are, under normal 
conditions, so arranged that their combined effects bring about a 
relatively constant condition is so old that it is scarcely safe to hazard 
a guess as to its time of origin, but Chapman in the book referred to 
above, and in other writings, has conceived of the ability of insects to 
reproduce as being a measurable positive force against which are acting 
forces of the environment. 

The force of reproduction he calls Biotic potential and the forces of 
the environment he calls Environmental resistance. These forces he 
compares with the potential of an electric current and the resistance 
of the wire over which the current passes. Biotic potential is defined 
as the inherent power of an organism to reproduce itself in a given time 
in the absence of environmental resistance. Environmental resistance 
is defined as that force or combination of forces which reduces the 
potential rate of multiplication. The biotic potential is constant for 
each species and can be determined by experiment. The number of 
individuals in any environment can be determined, and a comparison 
of the number of individuals actually present with the potential number 
that would be present in the absence of environmental resistance affords 
a quantitative measure of environmental resistance. 

Obviously although the numbers of an insect population may vary 
somewhat from time to time, there must be in general a condition of 
relative equilibrium between the forces of Biotic potential and Environ- 
mental resistance. If this were not true, the species which encountered 
a degree of environmental resistance too low in relation to their biotic 
potential would ultimately come to dominate their environment, while 
those meeting excessive resistance would ultimately become extinct. 
This hypothesis of measurable positive and negative forces which 
result in a condition of relative equilibrium does much to make concrete 
our previously hazy conception of biotic balance. Furthermore, the 
demonstration by controlled experiment that at least certain factors 
of environmental resistance can be segregated and measured quan- 
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titatively has already gone far toward establishing Chapman’s hypothesis 
as a fundamental law of ecology. 

Other important fundamental hypotheses have been formulated as a 
result of entomological research in America. One of these is the 
Bioclimatic Law of Hopkins. Although it has not escaped criticism 
because of certain obvious weaknesses, this empirical law has dem- 
onstrated its practical worth especially in connection with protection of 
winter wheat from the Hessian fly. When the date of any periodical 
event is known in one locality, other things being equal, the date of 
the same event in another locality may be calculated by the application 
of this law. 

The law may be stated as follows: Other conditions being equal, 
the variation in time of any periodical event in temperate North America 
occurring in the spring or early summer is at the general rate of 4 days 
later to each degree of latitude northward, or 5 degrees. of longitude 
eastward, or 400 feet of altitude upward. In late summer and fall 
conditions are reversed. Like most empirical laws it is likely that 
further research may result in its modification, but even with its present 
imperfections it is undoubtedly one of the outstanding contributions 
of America to insect ecology. 

Another fundamental ecological hypothesis which has not received 
the attention it deserves is the ‘Host Selection Principle.”’ This 
hypothesis was originally formulated by Hopkins and was later 
demonstrated experimentally by Craighead and others. It may be 
stated briefly as follows: The progeny of any insect species that 
normally feeds on two or more hosts tends to breed on the host on 
which it was reared. 

Craighead has demonstrated that certain wood-boring insects not 
only prefer that host on which they were reared, but are not as successful 
in developing, surviving, and reproducing themselves when transferred 
to another host. But he has also shown that when forced to continue 
breeding on the second host the survivors produce progeny which have a 
preference for that host. (Is this a demonstration of the inheritance of 
an acquired character?) 

America has made noteworthy contributions toward the better 
understanding of insect distribution. Cook’s theory of Bioclimatic 
Zonation provides us with a concept of the economic distribution of 
insect species that is very valuable. He distinguishes within the zone 
of taxonomic distribution of an economically important insect four 
distinct zones: 

1. The zone of normal outbreak, in which the insect is adjusted to 
the normal climatic conditions and is controlled by weather variations, 
but primarily by biotic factors. 

2. The zone of occasional abundance, adjacent to the normal 
zone, in which the insect is not adapted to the normal climate, but to 
variations from the normal. Here it will be controlled by normal 
climatic conditions and to some degree by biotic factors. 

3. The zone of possible abundance, still farther removed from 
the normal zone, in which a permanent population is not maintained, 
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but outbreaks may result from migrations from the inner zones when 
favorable variations from the normal climate occur. Here climate is 
the most important agency of control, although biotic factors of a non- 
specific nature may doubtless play a part. 

4. The zone of possible occurrence, where the insect may occa- 
sionally be found, but never in injurious numbers. 

Cook’s application of the hythergraph to indicate this bioclimatic 
zonation is an important application in America of a method developed 
elsewhere. 

American entomologists have contributed much to the knowledge 
of the effects of physical environmental factors on the rate of insect 
development. Sanderson and Piers, working with the influence of 
temperature upon the rate of insect development, were the first to 
establish the fact that within certain limits the time temperature curve 
of development of any stage of an insect is a segment of an hyperbola, 
the reciprocal of which is a straight line. This work antedates the 
better known work of Krogh by some months. 

Numerous workers have studied the effect of moisture upon insect 
development. Notable among these are the well-known experiments 
of Headlee. The study of the combined effect of temperature and 
humidity has been made by Pierce, Shelford and others. Pierce 
dev veloped a method of graphing the combined effect of these factors in a 
series of concentric zones which has been widely adopted by other 
workers in various fields. Shelford’s contributions to our knowledge 
of the relation of weather and the coddling moth are classics. 

American workers have made noteworthy contributions to our 
knowledge of the nutritional factors. They have demonstrated that the 
food of insects is not always what it appears to be. For instance, 
Baumberger has shown that Drosophila is unable to develop to maturity 
when microorganisms such as yeasts are absent from their food. It has 
been shown by Cleveland, Kofoid and other workers that some insects, 
as well as other animals, which eat wood have within their digestive 
tract symbiotic microorganisms upon which these animals are dependent 
for the digestion of cellulose. When deprived of these microorganisms 
Termites are unable to obtain nourishment from the wood they eat. 
Chapman has reared Tribolium upon a synthetic medium, but later the 
possible presence of intestinal microorganisms was indicated. We might 
go on and mention numerous other contributions of American 
entomologists in the field of insect ecology, especially studies leading 
toward the solution of pressing economic problems, notably Huber, 
Neiswander, and Salters’ investigations concerning the European 
corn-borer and its environment, Carter’s work with the beet leaf- 
hopper, and the studies of Dendroctonus beetles by Craighead and his 
co-workers in the Bureau of Entomology. Forest entomology is rapidly 
becoming almost exclusively applied ecology. If we can judge from the 
amount of ecological work now under way it seems safe to say that the 
production in the field of insect ecology will be greatly increased in 
the near future. 

After the foregoing consideration of insect ecology, although time 
limitations have made it necessary to omit much of importance, it 
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seems evident that America is well represented by contributions in 
this field. But the development has just begun. Insect ecology is 
today in a condition comparable to chemistry or physics one hundred 
years ago. It is still in the fact-gathering stage. The application 
of quantitative analysis must be carried farther than it has been so far. 
Biological constants similar to the constants of physics and chemistry 
must be determined. Facts and still more facts must be accumulated 
to provide the basis for the formulation of more ecological hypotheses. 
These hypotheses must be tested in the heartless crucible of controlled 
experimentation to separate the pure metal from the dross. And 
finally, all these facts, laws, and principles must be brought together 
to form a comprehensive whole which will probably make our ecological 
efforts of today appear feeble indeed. 


CONTRIBUTIONS TO APPLIED ENTOMOLOGY. 


ARTHUR GIBSON, 
Dominion Entomologist, Ottawa, Canada. 


Since the year 1841, when the State of Massachusetts published the 
classic volume prepared by Thaddeus W. Harris, economic entomology 
in North America has made remarkable progress. 

Much of the early work was concerned with poisons for the 
destruction of insect pests. Since the use of Paris green, between the 
years 1860-1867, as a poison to destroy the Colorado Potato Beetle, 
there have been many contributions to the subject of insecticides. 
Up till about 1892, Paris green was practically the only stomach poison 
used. Since then such materials as arsenate of lead, arsenate of lime, 
white arsenic, sulphur compounds, oils, oil emulsions, the fluosilicates, 
as well as others, have been produced extensively in North America and 
used over a very wide range of territory. The insecticide industry has 
thus developed to the value of hundreds of thousands of dollars, giving 
employment to many workers, including trained chemists and ento- 
mologists. Machinery, too, for applying insecticides has developed 
from the first spray gun available in 1896 to the various types of high 
power sprayers and dusters now used in gas driven machines. Even 
since 1921, the year the airplane was first used in America to distribute 
poison, there have been many improvements in this method of appli- 
cation. 

Coquillett, in 1885, reported success in controlling grasshoppers in 
California with a mixture composed of arsenic, sugar, middlings and 
water. In the same year, as he also reported, bran was substituted for 
middlings, and has since been adopted generally as the carrier for the 
poison. In 1901, the Criddle mixture was evolved in Manitoba and 
has since been used extensively in many parts of the world. Two years 
later Criddle conducted experiments in Manitoba with a bait composed 
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of equal parts of bran and sawdust, with salt and arsenic. Later, in 
1915, sawdust was used over a wide area in Ontario and Quebec. In 
1914, Dean reported the adoption of a bait in which oranges or lemons 
were used and which became known as the Kansas formula. 

From a summary of expenditures and results of grasshopper cam- 
paigns conducted in the United States and Canada from 1913 to 1923, 
prepared by Dean, it is of interest to note that over 105,000 tons of 
poisoned bait, costing $3,376,639, were used, as a result of which the 
estimated saving, or the value of the crops protected, was $143,692,975. 

During the past 70 years many foreign insect pests of great economic 
importance have found their way to America, necessitating the 
appropriation of large sums of money for their study and control. The 
gypsy moth was introduced into Massachusetts in 1868 and in 1924 
was found in Quebec. The San Jose scale reached California apparently 
in the early seventies, appeared in destructive numbers in the Eastern 
States in 1893, and in Ontario in 1897. The brown tail moth was 
discovered in Massachusetts about 1890 and in New Brunswick in 1902. 
The Japanese beetle was introduced into New Jersey in 1916. The 
European corn borer was found in Massachusetts in 1917 and in Ontario 
in 1920, and the Mediterranean fruit fly in Florida in April, 1929. 
These introductions, as well as others which need not be mentioned, 
demanded the establishment of fighting organizations such as no other 
countries have had to incept. 

In the development of these large-scale control projects important 
progress has been made, in devising better insecticides, as also new or 
improved machinery for applying the same. Implements for the 
destruction of infested plant material have also been invented. The 
introduction and colonization of promising insect parasites and predators 
has been incepted and is being continued under close observation. 

In connection with insects found in dwellings, mills and warehouses, 
important contributions have been made during the last decade or so, 
not only following discoveries leading to the development of new 
preparations for purposes of fumigation, but, also, as a result of dem- 
onstrations proving the value of high temperatures, particularly for 
insects which affect flour, grain, and other products present in mills. 

Up to 1921, efforts in North America to control injurious insects 
were directed from the ground. In that year the first experiment 
in using the airplane to distribute poisoned dust for the destruction of 
the catalpa sphinx was undertaken by Houser in Ohio, and this was 
followed by further tests in the same state in 1922. In this latter year, 
Burgess conducted experiments against the gipsy moth in Massachusetts, 
and Coad initiated experiments against the cotton boll weevil in 
Louisiana, and the method for the latter insect has since been com- 
mercialized. Following these demonstrations, much further experi- 
mentation has been conducted, in Wisconsin, by Fracker and Gran- 
ovsky, for the control of the hemlock looper, and in Canada, against 
the spruce budworm in Nova Scotia and Ontario, and the hemlock 
looper in British Columbia, Ontario and Quebec. The work conducted 
in Canada against the latter insect, in 1929, gave from 90 to 100 per cent 
control. 
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The value of farm practices in reducing insect abundance is advocated 
generally by most entomologists. The importance of ploughing under 
refuse and the adoption of other clean-up measures as controls for the 
European corn borer have been demonstrated in recent years, especially 
in Ontario. 

As a result of three years investigation in Ontario, Ross and Hall 
stated in 1924* that fundamentally the control of the rose chafer is a 
matter of farm management, that the plough, disk and cultivator are 
the most important weapons in fighting the insect. 

In connection with grasshopper outbreaks in the range country of 
British Columbia, Treherne and Buckell reported in 19247 the impor- 
tance of re-establishing the range grasses by judicious grazing at selected 
periods within a year, or on a definite rotation plan. 

In Manitoba, Criddle and Mitchener found that the larve of the 
wheat-stem sawfly do not cut the stems of wheat until the plants begin 
to lose their sap. Early harvesting as a result of this important 
discovery, has saved crops worth millions of dollars. In Alberta, 
Seamans has shown (1928)f{ that permanent trap crops of brome grass, 
attract the females of the sawfly for purposes of oviposition resulting 
not only in the protection of adjacent fields of wheat, but also in 
yielding paying crops of hay or seed, and furthermore in assisting to 
control weed development. 

In forest entomology, the investigations of Hopkins in the control 
of destructive bark beetles started in Maine in 1901 and in the year 
following in the southern and western states, has been of decided 
importance. The work has been further developed up to the present 
time, with marked progress by officials of the United States Bureau of 
Entomology. In 1913, Swaine incepted a study of the biology and 
control of bark beetles in the yellow pine forests of British Columbia. 
This resulted in the winter of 1918-1919 of the adoption of control 
operations on an extensive scale, namely, the cutting and burning of 
beetle-infested trees, the burning of all logging slash and the utilization 
of wind falls before the emergence of the beetles present in the bark. 
This control work has given definite and most satisfactory results, and 
is undoubtedly an outstanding example. 

There can be no doubt that the impetus given to the study of ecology, 
as a branch of entomology, constitutes the most remarkable advance 
made in recent years. Under the leadership of such men as Forbes, 
Shelford and Chapman, there is gradually developing a school of 
entomologists who will attack the problems of the future from a new 
standpoint and with new methods, the possibilities of which appear to 
be well-nigh inexhaustible. An event of primary importance in this 
connection was the foundation of the Ecological Society of America 
in 1916, and the publication of its journal, Ecology, in 1920. 

It would be impossible to give an adequate account of the excellent 
work that has been accomplished in the last few years by the investi- 
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gators engaged in this type of research. Suffice it to touch briefly on 
one of its most important phases, namely, climatology. The importance 
of climatic conditions in their relation to insect development and insect 
abundance has been recognized in a general way for many decades. 
Notes of a general character are abundant in entomological literature, 
but exact observations based on a systematic study of the subject are 
rare. So far as North America is concerned, Hopkins in formulating 
his famous bioclimatic law, introduced into agricultural practice and 
into entomology, a principle and a working theory which, although not 
perfect, undoubtedly constitutes one of the most brilliant contributions 
to applied entomology. The work of Cook on the distribution of the 
pale western cutworm and the alfalfa weevil constitutes another distinct 
advance in the interpretation of climatic influences upon the significance 
of insect outbreaks. 

Shelford’s study of the relation of weather to the abundance of the 
codling moth in I]linois is a remarkable contribution combining, as it 
does, all the best known methods in both laboratory and field observa- 
tions. In Canada, we have the significant work of Seamans in Alberta, 
on the relation of rainfall in May and June to the abundance of the 
pale western cutworm and a dry July followed by a wet autumn to 
that of the army cutworm; also, the excellent study of King and Atkin- 
son, in Saskatchewan, on the relation of disease, parasites and weather, 
to the red-backed cutworm. 

Much progress has been made in assembling data regarding insect 
pests since the establishment of Insect Pest Surveys, in the United 
States in 1921 and in Canada in 1922. The monthly summaries of 
insect conditions published in both countries have undoubtedly served 
a very useful purpose. Hyslop has said,* “‘The data obtained as a 
result of insect pest surveys should be of far reaching value in connection 
with entomological forecasting. ’’ 

Extension entomology, so-called in America, has made rapid progress 
particularly during the last decade. This progress is a direct result of 
the many contributions made available through research. The various 
spray service and other extension programs which have been developed 
with the assistance of the telegram and the radio, have aided very 
considerably in the production of better marketable crops. 

Dr. R. J. Tillyard, in referring to entomological work in North 
America, said in an address before the Royal Society of Arts, London, 
England, October, 1926, ‘If you go into a shop today and compare 
the American or Canadian apples, now on sale, practically perfect in 
their shape, color, flavour and aroma, with the wretched products of 
some old, unsprayed insect and fungous-ridden orchards in this country, 
you will understand what economic entomology has done for fruit- 
producing areas. Costly as it is, it is the spraying program which 
makes it possible for America and the Dominions to send to Europe 
these perfect fruits, and without it there would be no possibility of 
finding a market for their products.’’ 


*U. S. Dept. Agric., Bull. 1103. 
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It would be interesting if we had the time to trace the history of 
insect legislation in North America from 1877, when the states of 
Missouri, Kansas, Minnesota and Nebraska, enacted laws for the 
destruction of grasshoppers. Two acts only will be mentioned here, 
namely, the Destructive Insect and Pest Act passed in Canada in 1910, 
and the Plant Quarantine Act passed in the United States in 1912. 
Many regulations have been issued or rescinded since the passage of the 
former act, but the act itself has never been modified. The Plant 
Quarantine Act of 1912 has been amended five times. 

With regard to the biological control of insects, we are all familiar 
with the success which followed the introduction of Vedalia cardinalis 
Muls. from Australia into California to control the cottony cushion 
scale. Since that time, but particularly during the last two decades, 
the subject of biological control has received considerable support. In 
California, too, the commercial development of Cryptolaemus montro- 
uzieri Muls. is an outstanding achievement. According to Smith* 
since 1918, this method of biological control for mealy bugs is practically 
the only one in use at the present time. In the same state, also, the 
native convergent ladybird beetle has been gathered in large numbers 
and later distributed in areas where plant lice were abundant. 

Just recently we received Technical Bulletin No. 86, ‘ Imported 
Insect Enemies of the Gipsy and the Brown-tail Moth,”’ by Burgess and 
Crossman. In this valuable contribution it is stated that over 
93,000,000 insect enemies were liberated. Two sentences are worthy 
of repetition here, (1) “The results thus far accomplished by utilizing 
parasites against the gipsy moth have been extremely beneficial and 
have saved the forests of New England from destruction,’’ and (2) ‘“‘ The 
result of 24 years of work has demonstrated the great value of this 
experiment in parasite introduction—the most intensive and extensive 
that has ever been tried.”’ 

The introduction into Canada from England of the larch sawfly 
parasite, Mesoleius tenthredinis Morley, by Hewitt in 1913, was an 
important contribution. The parasite is well established in Manitoba, 
where it has completely checked its host. Resulting from liberations of 
material reared at the Dominion Parasite Laboratory, the parasite has 
also been recovered in Ontario. 

With the discovery of the European corn borer and the Japanese 
beetle in America, the desirability of introducing and establishing their 
native insect enemies has received much attention. Millions of parasites 
of these pests have been reared and liberated at strategic points. With 
the continued support which is being given to these projects, we may 
assume that important progress is being made. Reference could be 
made to other parasite projects, but those mentioned are sufficient to 
show that important contributions to this method of control have taken 
place in North America. 

Regarding medical entomology, the results of the brilliant investiga- 
tions of Finlay, Reed, and others, in connection with Aedes aegypti L. 
as a carrier of yellow fever made it possible to eliminate this dread disease 


*Jour. Econ. Ent., 18, 147. 
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from southern sections of the United States, where before the end of the 
19th century, severe outbreaks occurred periodically, resulting in heavy 
loss of life. During recent years no one in North America has been more 
active than has Dr. Howard, in adding to our knowledge of the relation- 
ship of the housefly and other species, to typhoid and other diseases, as 
also in encouraging the inception of problems of great importance, not 
only as they affect humans, but also as certain of them affect live stock. 

The discovery by Ricketts that the common wood tick is a carrier 
to man of the Rocky Mountain spotted fever, is also significant. Further 
admirable tick work has been conducted by Parker and others. The 
state of New Jersey, through its Mosquito Extermination Association, 
has made remarkable progress in reducing the mosquito population 
within the state. 

In a very limited discussion such as the present, it has only been 
possible to refer, and this briefly and generally, to certain contributions, 
which in the opinion of the writer seemed outstanding. Had time 
permitted we might have referred to other contributions possibly 
equally important. No mention has been made of publicatiens as such. 
What a quantity have been written by American students! Some 
of these were discussed by Lochhead in the Report of the Quebec Society 
for the Protection of Plants for 1916-1917 under the title, ‘‘ Masterpieces 
of American Economic Entomology.” 

One reason, I think, why applied entomology in America has made 
such rapid progress during recent years is the fact that there has 
developed among our workers a very fine type of personality. The bond 
of sympathy which has increased so noticeably has been largely 
responsible for the bringing about of a co-operation, not only of state 
and provincial importance, but also of national and even international 
value. 

Both the United States and Canada have contributed liberally 
towards developing opportunities for workers to get together and discuss 
problems of national or international importance. Not only have the 
entomologists themselves been brought more frequently together, but 
chemists, botanists, agronomists, animal husbandmen, agricultural 
engineers, and other scientists, have met with them to discuss and 
develop measures of control. 

This Society and the American Association of Economic Entomol- 
ogists have contributed much to the advancement of applied entomology, 
not only in bringing workers together, but also in publishing their 
findings. 

In the main, however, the remarkable development of economic 
entomology in North America is a direct result of the many introduced 
insect species which have become established without their natural 
enemies. No other nations in the world have had to face the insect 
menace as have the United States and Canada. As one who has been 
associated with the work for more than a quarter of a century, I take 
this opportunity of paying my humble respects to the loyal band of 
workers who have assumed this responsibility and thus raised the 
science of applied entomology to the high position in America which it 
now occupies. 
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THREE NEW APHIDS FROM COLORADO 


C. P. GILLETTE AND M. A. PALMER, 


Colorado Agricultural Experiment Station. 


Lachnus lasiocarpe@ n. sp. 


Fundatrix.—(Plate I, Fig. 1). Described from type and three para- 
types taken on Abies lasiocarpa on Fall River, Estes Park, Colorado, 
July 7, 1923, by the junior author. 

Color: (In old examples which had probably been rubbed.) Entire 
dorsum dark brown to black, with white powder marking median line 
and lateral portions of thorax; antennz pale, with tips of joints and 
entire VI blackish; legs black with bases of femora and tibiz yellowish. 

Measurements: Body 5 mm. long, 3 mm. wide; hind tibiz 3.2 mm.; 
antenne 1.9 mm.; joints as follows: III, .76 mm. (.70 mm.);* IV, 
.30 mm. (.20-.26 mm.); V, .382 mm. (.30 mm.); VI, .20 mm. + .04 mm.; 
cornicles, .45 mm. in diameter. 

Structural characters: Secondary sensoria on antennal joint 
III, 0; IV, 0 to 1; V, 1; hairs spine-like, .15 mm. long on body and on 
outer side of hind tibiz, .12 mm. on cornicle base. 

A pterous Summer Viviparous Female.—(Plate II, Figs. 4, 5 and 6). 
Described from type and two paratypes taken on Abies lasiocarpa on 
Black Mesa, Colorado, August 12, 1920, by the junior author. 

Color: Body brown, mottled with powdery secretion; antennz 
pale with tips of joints dusky; legs dusky with bases of femora and tibize 
yellowish; cornicles black. 

Measurements: Body 5 mm. by 3 mm.; hind tibia, 3.50 mm.; 
hind tarsi, .50 mm. or 1/7 to 1/6 of tibiz; antenne 2 mm.; joints as 
follows: III, .80 mm. (.80 to .90 mm.); IV, .35 mm. (.34 to .44 mm.); 
V, 40 mm. (.40 to .45 mm.); VI, .22 to .25 mm. + .07 mm. (.04 to 
.07 mm.); cornicles, .30 to .50 mm. in diameter at base. 

Structural characters: Secondary sensoria on antennal joint III, 
0; IV, 2 (2 to 3); V, 2 (2 to 3); hairs spine-like, numerous, set at angle 
of 50 degrees, .16 mm. long. 

Habitat, on bark of twigs of Abies lasiocarpa. Taken on 
Black Mesa, Fall River, and Rabbit Ears Pass, Colorado; 
fundatrices and apterous vivipare; three collections; apparently 
rare. 

This species appears to resemble Lachnus grossus Kalt., 
but differs from Kaltenbach’s description in color, being brown 


*Numbers in parentheses indicate variations in paratypes. 
I I \ 
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and more or less marked with powder and covered with numer- 
ous long hairs, instead of black and naked, shining in parts. 
It differs also as to host, L. grossus feeding on Picea abies 
(Pinus Abies). From six specimens labelled Lachnus grossus 
Kalt. from Abies sibirica sent by Cholodkovsky, (Plate II, 
Figs. 1, 2 and 3), L. lasiocarpe differs by possessing longer 
antennal joints, especially joint IV, and longer tarsi (see Figs. 1-5). 
Cholodkovsky’s specimens, aptere, measuring as follows: Anten- 
nal joints III, .70 to .80 mm; IV, .18 to .33 mm.; V, .32 mm.; 
VI, .20 to .29 mm. + .04 to .08 mm.; tarsi, .30 to .35 mm.; 
hind tibiz, 2.70 to 3.50 mm.; hind tarsi equalling one-tenth to 
one-ninth length of hind tibiz. 

Types in U. S. National Museum Catalog No. 42082; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Symydobius intermedius n. sp. 


Fundatrix.—(Plate I, Fig. 3). Described from type and one para- 
type taken on Betula sp. at Fort Collins, Colorado, April 7, 1916, by 
L. C. Bragg. 

Color: Olive green with broad bands of dusky brown on all seg- 
ments; antennz with black and white annulations, legs dusky through- 
out; cornicles pale. 

Measurements: Length of body, 2.66 mm.; hind tibia, 1.50 mm.; 
antenne, 2.20 mm.; joints: III, .89 mm.; IV, .47 mm.; V, .44 mm.; 
VI, .19 mm. + .07 mm.; cornicles, .08 mm.; cauda, .05 mm. 

Structural characters: Secondary sensoria circular, arranged in a 
single row, 13 (8 in paratype) in number. All other characters as in 
apterous summer vivipare. 

A pterous Summer Viviparous Female.—(Plate I, Fig. 6; Plate II, 
Figs. 7, 8 and 15). Described from type and four paratypes taken on 
Betula sp., at Ft. Collins, Colorado, July 13, 1915, by L. C. Bragg. 

Color: Olive green with dusky bands often coalescing, cornicles 
pale, legs dusky throughout, antenne annulated. 

Measurements: Length of body, 2.50 mm.; hind tibia, 1.80 mm.; 
antennez, 3 mm.; joints: III, 1.00 mm. (.82 to 1.05 mm.); IV, .65 (.57 to 
.69 mm.); V, .53 (.55 to .61 mm.); VI, .26 (.22 to .27 mm.) + .13 
(.10 to .14 mm.); cornicles, .07 mm.; cauda, .05 mm.; beak, .50 mm., 
attaining second pair of cox. 

Structural characters: Secondary sensoria circular, arranged in a 
single row along practically entire third antennal joint, 19 (16 to 22) 
in number; hairs pointed, on body .05 to .08 mm. in length, somewhat 
spine-like; on antennz, .03 to .04 mm. in length, about equal to one-half 
of diameter of corresponding part of antennal joint, fine, hardly spine- 
like; on cauda and anal plate somewhat longer than on body and 
numerous and bushy in arrangement; imbrications on cornicles and 
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antenne finely setose; cornicles truncate, usually with flange; cauda 
semilunar, broader than long; anal plate indented, with swelling on 
either side of cauda, resembling a pair of plates; frontal tubercles present 
but shallow; vertex with tubercular-shaped projection; first antennal 
joints slightly gibbous; ocular tubercles present. 


Alate Viviparous Female.—(Plate I, Fig. 4, and Plate II, Figs. 9, 13 
and 14). Described from type and seven paratypes taken along with 
apterous vivipare described above. 

Color: Tawny olive with dusky cross-bands on abdomen, cornicles 
pale, antennze annulated, legs dusky to black, fore wings with veins 
heavily bordered, the anal and cubital being the most broadly bordered. 

Measurements: Length of body, 2 mm.; hind tibiz, 1.40 mm.; 
antenne, 2.40 mm.; joints: III, .75 (.64 to .88 mm.); IV, .55 (.47 to 
.60 mm.); V, .50 (.44 to .52 mm.); VI, .22 (.16 to .27 mm.) + .13 (.10 to 
.14 mm.); cornicles, .07 mm.; cauda, .05 mm.; beak, .30 mm., attaining 
second pair of coxz. 

Structural characters: Secondary sensoria circular to oval, arranged 
in a single row along practically entire length of antennal joint III, 
12 and 16 (12 to 20) in number; fore wings with radial sector distinct, 
but not as heavy as other veins; frontal tubercles hardly evident; other 
characters as given for apterous vivipare. 

A pterous Oviparous Female.—(Plate I, Fig. 5; Plate II, Figs. 11, 12, 
16 and 17)., Described from type and five paratypes taken on Betula, 
at Fort Collins, Colorado, September 25, 1915, by L. C. Bragg. 

Color: Clay color with broad dusky cross-bands on all segments 
except abdominal segments 7 and 8; anal plate tinged with pinkish, 
otherwise as in vivipare. 

Measurements: Length of body, 2.80 mm.; hind tibia, 1.40 (1.22 to 
1.50 mm.); antennz, 2.50 mm.; joints as in fundatrix, excepting unguis, 
which is .10 (.10 to .14 mm.). 

Structural characters: Terminal segments of abdomen slightly 
prolonged to form ovipositor. Hind tibiz but slightly swollen on 
proximal half or two-thirds, thickly strewn for almost entire length with 
small flat sensoria. Other characters as given for apterous vivipare. 


Male.—(Plate I, Fig. 7; Plate II, Fig. 10). Described from type and 
one paratype taken October 15, 1917, another paratype, October 7, 
1911, on Betula sp., at Fort Collins, Colorado, by L. C. Bragg. 

Color: Dusky brown with pale cornicles, antenne and legs as in 
vivipare. 

Measurements: Length of body, 1.95 mm.; hind tibiz, 1.10 mm.; 
antenne, 2 mm.; joints: III, .75 (.66 to .81 mm.); IV, .50 (.47 to 
.60 mm.); V, .40 (.40 to .43 mm.); VI, .20 (.15 to .21 mm.) + .12 (.11 to 
.13 mm.); cornicle, .05 mm. 

Structural characters: Apterous; secondary sensoria on antenna 
found only on joint III, 10 to 15 in number, arranged as in females. 
Indeed the only character by which the male can be distinguished seems 
to be the copulatory organs, and slightly smaller size. 
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Habitat, on bark of Betula fontinalis, at Fort Collins, 


Boulder, Estes Park, Stove Prairie near Bellvue, and Crawford, 
Colorado; fundatrices April 7; apterous summer vivipare, 
June 2 to October 7; alate vivipare, June 2 to August 9, apterous 
Oovipare, September 25 to October 13; apterous males, October 
15; twenty collections; fairly common. 

This species is distinguished from oblongus Heyd. by the 
indented anal plate and the extent of the sensoria along entire 
length of joint III. Also’ Van der Goot (1915, Holland Plant 
Lice) mentions secondary sensoria on joint V of the male. 

From S. americanus Baker, this species differs in the shorter 
unguis. 

Types in U. S. National Museum, Catalog No. 42819; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Periphyllus brevispinosus n. sp. 


A pterous Summer Viviparous Female.—(Plate I, Fig. 8; Plate II, 
Figs. 18 and 23). Described from type and seven paratypes taken on 
under side of leaves of Acer glabrum at Idaho Springs, Colorado, June 17, 
1926, by the junior author. , 

Color: Brown, mottled dark and light, with cornicles yellow; legs 
and antennz yellowish with distal ends of joints dusky. 

Measurements: Length of body, 2.40 mm.; width, 1.50 mm.; 
hind tibiz, .85 mm.; antenna, 1.30 mm.; joints: III, .42 mm. (.36 to 
A7 mm.); IV, .28 mm. (.22 to .30 mm.); V, .23 mm. (.20 to .23 mm.); 
VI, .14 mm. + .20 mm. (.18 to .20 mm.); cornicles, .10 mm.; spines on 
body, .10 to .12 mm. 

Structural characters: Secondary sensoria circular, arranged in an 
irregular row along entire length of antennal joint III in alate vivipare, 
15 (11 to 19) in number, none (rarely 1) on IV; hairs pointed, heavy 
spine-like, .10 to .13 mm. long on body, fine and .03 to .05 mm. long on 
antennz and legs; antennz imbricated throughout; cornicles truncate, 
narrower in middle, reticulate on distal 2/3; imbricated on proximal 1/3; 
cauda rounded semi-lunar; anal plate rounded; ocular tubercles present. 

Alate Viviparous Female.—(Plate I, Fig. 9; Plate II, Figs. 19 to 22). 
Described from type and nineteen paratypes taken on Acer glabrum_ on 
under side of leaves, at Idaho Springs, Colorado, June 17, 1926, by 
junior author. 

Color: Dark brown with black head, thorax, lateral spots and 
dorsal bands, especially on terminal segments of abdomen; cornicles, 
antenne and legs as in aptere; wings hyaline, stigmz dusky brownish. 

Measurements: Length, 2.25 mm.; hind tibiz, 1 mm.; antenne, 
1.55 mm.; joints: III, .55 mm. (.48 to .55 mm.); IV, .36 mm. (.28 to 
.40 mm.); V, .30 mm. (.25 to .30 mm.); VI, .14 mm. + .20 mm. (.17 to 
.22 mm.); cornicles, .11 mm.; cauda, .14 mm. 





1930] Gillette and Palmer: New Colorado Aphids 547 


Structural characters: Secondary sensoria, circular, 15 (11 to 19) in 
number, in irregular double row along entire length of antennal joint III 
of alate vivipare, joint IV with none or rarely one; forewings with media 
twice branched; hind wing with both media and cubitus present. 


No collections were taken other than the types and para- 
types, but specimens were very abundant. 

Apparently rare or confined to type locality. 

Types in U. S. National Museum, Catalog No. 42816; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Trama oculata n. sp. 


A pterous Viviparous Female.—(Plate II, Figs. 23, 24, 25 and 26). 
Described from type and several paratypes taken under stone with 
ants, in foothills near Ft. Collins, Colorado, February 23, 1930, by 
Esther Lanchester and Bernard Travis. 

Color: Pale whitish in younger examples, olive brown in older 
individuals; legs yellowish with tarsi of first two pairs of legs dusky; 
antennz brownish yellow. 

Measurements: Body, 3 mm. long; hind tibiz, 1 mm.; hind tarsi, 
.95 mm.; antennz, 1.50 mm.; joints: III, .45 mm.; IV, .19 mm.; V, 
.29 mm.; VI, .22 + .06 mm.; beak attaining middle of abdomen; last 
three joints measuring .23 mm., 22 mm., and .05 mm., respectively. 

Structural characters: Secondary sensoria flat, indistinct and irreg- 
ular in form, scattered, about seven on III, one on IV, and three on V; 
primary sensoria long and flat; unguis conical; hairs pointed, fine, 
numerous and drooping, about .03 mm. long, on antennz and legs 
equalling about one-half diameter of joint; cornicles lacking entirely; 
~auda semilunar, broader than long; frontal tubercles lacking; eyes 
normal, composed of more than 15 facets, ocular tubercle divided and 
consisting of three finger-like facets. 

Alate Viviparous Female.(Plate II, Fig. 27). Described from type 
taken on roots of Taraxacum officinale in greenhouse of the Great 
Western Sugar Company, at Longmont, Colorado, January 18, 1930, by 
A. C. Maxson. 

Color: ‘‘ Thorax quite dark, almost black and dark dorsal bands on 
abdomen, one on each segment, darkest on 8th.’’* 

Measurements: Body, 2.50 mm. long; hind tibia, .90 mm.; hind 
tarsi, 88 mm.; antenne, 1.30 mm.; joints: III, .40 mm.; IV, .19 mm.; 
V, .27 mm.; VI, .19 mm. + .04 mm. 

Structural characters: Secondary sensoria not apparent on III, 
two on IV; two or three on V, arranged along posterior side of joints; 
cornicles apparently absent; fore wings with radial sector very slightly 
curved, media once forked, stigma rather broad; other characters as in 
aptere described above. 


*From notes by A. C. Maxson. 
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This species was first brought to our attention by the collection of 
aptere by Miss Esther Lanchester and Mr. Bernard Travis, students 
in Entomology, February 23, 1930. In the latter part of March we 
received a vial containing apterz of this same species, taken with ants 
on roots of Taraxacum officinale in the greenhouse, from A. C. Maxson, 
in Longmont, Colorado. On learning that we were ready to publish the 
species, Mr. Maxson kindly loaned us his alate example and his notes 
on the species. Notes are as follows: 

‘Several large colonies discovered on roots of dandelions growing 
in the Great Western Sugar Co. greenhouse at Longmont, Colo., Dec. 14, 
1929. 

“These colonies were located just below the crown and surface of the 
soil. The lice were all head downward. When disturbed, the lice 
throw the long hind tarsi outward, giving the colony a hairy appearance. 
All colonies attended by a small red ant. 

‘These colonies were composed almost wholly of apterous females 
and young of various sizes. There were two or three pupz found also. 
There were two colors of individuals. The younger ones were creamy 
white, with legs, all but VI of the antenne and part of V with a brownish 
tinge. Fore and middle tarsi dark brown. Terminal joint of beak 
brown with tip darkest. Tip of hind femora and tip of long hind tarsal 
joint dark also. Compound eyes dark. Tubercle appears somewhat 
pointed. 

“Body covered with fine somewhat curved hairs which are most 
numerous and longest near middle portion of segments. Body segments 
clearly discernible. Body distinctly marginated. Tip of abdomen 
dusky or brownish. Prothorax slightly dusky. Two lateral depressions 
showing dark at inner margins. Head dusky with faint light median 
line. Anal plate dusky. Tip of abdomen sometimes with a greenish 
tinge. 

‘“‘Some darker individuals have a greenish tinge on body segments. 
This is darkest toward tip of body. The 8th segment darkest.’’ 

This species is distinguished from Trama troglodytes Heyden by the 
presence of eyes of more than ‘‘a few facets,’’ from which character it is 
given itsname. The absence of cornicles forbids its being placed under 
Protrama or Neotrama. Indeed it differs from Trama in the larger size 
of the eyes and absence of cornicles even in the alate, but we hesitate 
to erect a new genus. 


Types in U. S. National Museum, Catalog No. 43001; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 
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SXPLANATION OF PLATES. 


PLATE I. 


Lachnus lasiocarpe n. sp. 1, fundatrix; 2, apterous summer viviparous 9. 

Symydobius intermedius n. sp. 3, fundatrix; 4, alate viviparous 9; 5, oviparous 9; 
6, apterous summer viviparous 9; 7, o’. 

Periphyllus brevispinosus n. sp. 8, apterous summer viviparous 9; 9, alate 
viviparous 9. 


PLATE II. 


Lachnus grossus Kalt. 1, antenna of apterous summer viviparous ?; 2, hind 
tarsus, and 3, middle of hind tibia of same. 


Lachnus lasiocarpe n. sp. 4, antenna of apterous summer viviparous 9; 5, hind 
tarsus, and 6, middle of hind tibia of same. 


Symydobitus intermedius n. sp. 7, antenna of apterous viviparous 9 ; 8, cornicle of 
same; 9, antenna of alate viviparous 9; 10, antenna of <’; 11, antenna of 
oviparous 9 ; 12, hind tibia of same; 13, cauda and anal plate of alate viviparous 
9; 14, vertex of same; 15, vertex of apterous summer viviparous 9 ; 16 and 17, 
cauda, anal plate and genital plate of oviparous 9. 

Periphyllus brevispinosus n. sp. 18, antenna of apterous summer viviparous 9°; 
19, antenna of alate viviparous 9 ; 20, vertex of same; 21, cauda and anal plate 
of same; 22, cornicle of same. 

Trama oculata n. sp. 23, head and antenna of apterous viviparous 9; 24, beak; 


25, hind tibia and tarsus, and 26, cauda of the same; 27, antenna of alate 
viviparous ?. 
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NOTES ON THE HABITS OF A DIGGER WASP AND ITS 
INQUILINE FLIES. 


E. J. NEWCOMER, 
U.S. Bureau of Entomology, Yakima, Wash. 


One fine day in early April I noticed a large, steely blue 
wasp running awkwardly along the ground on tip toes. It 
was carrying a full grown cutworm, longer than itself, which it 
straddled and held in its mandibles. I had read something of 
the habits of the digger wasps, as written by Fabre, the Peck- 
hams, and others, and as this occurrence was taking place in 
a vacant lot next to my laboratory, I seized the opportunity of 
learning something about digger wasps at first hand. During 
that season and the next I observed these wasps at every 
opportunity. Then a house was built on the vacant lot and 
my observations were brought to an end. But during the two 
seasons I saw some rather startling things. I am somewhat 
chagrined, however, to think that I had occupied this laboratory 
for a number of years in succession without even suspecting the 
presence of these wasps. I suppose, being a mere economic 
entomologist, I had been too narrowly concerned with such 
ordinary things as the codling moth and the San Jose scale. 
Once my attention was directed to the wasps, however, my 
economic training possibly enabled me to see some things that 
were overlooked or even deliberately put aside by some of the 
earlier observers. 

What is this wasp, where is she going with her burden and 
what will she do with it? If you are familiar with the writings 
of Fabre or the Peckhams, you know the answers to these 
questions, at least in a general way. But are you so familiar 
with many of the difficulties under which this wasp works, 
harrassed as she often is by squirming cutworms, aggressive 
ants, and ever-present inquiline flies? 

The wasp I am writing of is known as Podalonia luctuosa 
(Smith), a Sphecid, evidently a relative of the famous Am- 
mophilas,* though a much larger and stouter insect. These 
wasps were abundant during April and May about my laboratory 





*The Ammophilas are now included in the genus Sphex, 
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at Yakima, Washington, and on bright, warm days a dozen 
or more might be seen hunting or digging. The terrain was 
typical of vacant lots—weeds and grass growing irregularly, 
bare spots, and a rubbish heap. I had thrown much old 
automobile oil on this rubbish heap at various times, and the 
mixture of oil and ashes seemed very attractive to the wasps. 
They dug many nests in it with no apparent discomfort, although 
I wondered how the young could thrive in such an oily place. 
Perhaps they did not. If the day was warm and quiet, the 
wasps were often at work as early as 8 o’clock in the morning, 
and worked until 4 or 5 o’clock in the afternoon. Their activities 
were considerably retarded by cloudy or windy weather, but 
not stopped altogether unless it became cold. 


BEHAVIOR OF WASPS. 


There are many variations in the behavior of these wasps, but 
first let us follow a typical individual through all of her activities. 
The habits of /uctuosa have never been recorded, although Prof. J. B. 
Parker has made some observations on a related species, Podalonia 
violaceipennis (Lep.) (as Psammophila violaceipennis (Lep.)* 

The Ammophilas usually construct their nests before obtaining 
provisions, but the Podalonias, which place but one caterpillar in a 
nest, capture their prey first. Luctuosa hunts rapidly, almost feverishly, 
running from grass clump to grass clump, inspecting the ground care- 
fully, for the cutworms she seeks are nocturnal feeders, and lie hidden 
by day. She knows when she has found a cutworm’s hiding place, 
and she digs frantically, using her fore legs, and throwing the dirt 
back like a dog digging for a squirrel. She soon uncovers the luckless 
worm and drags it forth, twisting and squirming. Sometimes the 
worm senses the impending danger and crawls out of the earth at a 
little distance. The wasp usually sees it, however, and pounces on it. 
If it is too small, she may sting it once and leave it, or leave it without 
stinging it at all. To suit her needs, it must be at least as large as 
herself, for it is to provide food for one of her offspring. 

The wasp knows which is the head end of the cutworm, and, seizing 
it by the thorax, she administers a sting to one of the thoracic segments, 
apparently the first. Then, working the worm forward with her fore 
legs and jaws, she stings each succeeding segment, the movements of 
the worm gradually ceasing. This stinging process is more or less 
irregular, as the Peckhams observed, but usually most of the segments 
are stung. Sometimes, however, only four or five of the anterior 
segments receive the sting. Whether or not the sting touches each 
ganglion is problematical, but at least the poison paralyzes most of 


*Parker, J. B. Notes on the nesting habits of some solitary wasps. Proc. 
Ent. Soc. Wash., Vol. XVII, p. 70, 1915. 
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them and renders the worm incapable of normal movements. Fabre 
believed it was essential that the worm be paralyzed but not killed, 
while the Peckhams considered this secondary to the immediate necessity 
of rendering the worm practically motionless so that it might be handled 
and would not kill the delicate wasp larva that would later feed on it. 
The Peckhams found that with Ammophilas and other species storing 
more than one worm in a nest, some of the worms usually died before 
the wasp larva had started feeding on them, but that this made no 
difference to the larva. The single worm used by Podalonia is usually 
alive when the wasp’s egg hatches, but is invariably dead some time 
before the larva has finished feeding (PI. II, Fig. 2). 

Following the stinging, the wasp often spends some time squeezing 
or chewing the cutworm just back of the head with her mandibles. 
Fabre calls this “‘malaxation’”’ (my French dictionary gives the verb 
*‘malaxer”’ as a druggists’ term meaning ‘‘to work up’’), and says that 
this munching of the worm is for the purpose of rendering insensible 
the brain, which can not easily be reached with the sting. The Peck- 
hams, also, have interpreted it to be for the purpose of further quieting 
the worm. It seemed to me that the squeezing was mostly on the 
first thoracic segment, and while that may affect the brain, it appeared 
also to be for the purpose of finding out whether the worm was sufficiently 
paralyzed, for I have seen a wasp sting a worm several times, ‘‘malax”’ 
it, and then sting it again. The wasp also sometimes sucks up the 
liquid regurgitated from the worm’s mouth after this treatment, but 
this habit is undoubtedly incidental. I am inclined to believe with the 
Peckhams that the instinct of paralyzing and “malaxing’’ the worm 
does not extend beyond the immediate effect, that of putting the worm 
in a condition to be managed easily by the wasp. 

Once the cutworm is properly subdued, the wasp grasps it firmly 
by the neck, ventral side up and, straddling it, proceeds to run with it. 
There is a great advantage in carrying the cutworm upside down, for 
it naturally curls ventrally a bit, and this keeps it from dragging on 
the ground. I have seen a wasp with a cutworm so imperfectly para- 
lyzed, however, that its hind legs took hold of every stem and leaf, 
greatly hindering progress. The wasp usually carries her worm up 
into a clump of grass or weeds and hangs it over the axil of a leaf, or 
sometimes she hangs it over a brushy twig in the rubbish heap. The 
advantage of placing the cutworm off the ground is obvious, for there 
are many large, red Formica ants wandering about, and an occasional 
Calosoma beetle, even in the day time, to say nothing of other wasps, 
and if the paralyzed cutworm were left on the ground for any length 
of time, it would be appropriated by some of these other insects. 

After stinging the cutworm, the wasp may carry it twenty or thirty 
feet before cacheing it, and then may dig her nest several feet from the 
cutworm, although it is often within two feet. Before leaving the cut- 
worm, the wasp circles about it and returns to it two or three times, as 
though to familiarize herself with the location. She then hunts for a 
suitable place for her nest, and she may finally decide upon a site 20 
feet or more from the cutworm cache. 
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The wasp uses her mandibles and fore legs to dig with, kicking the 
dirt out behind with her middle and hind legs. She soon makes quite a 
hole in the sandy soil, and as the digging proceeds she must bring up 
load after load of soil particles held tightly between her mandibles and 
fore legs. These are dropped at the entrance, and are often kicked 
some distance as the wasp starts back into the hole (Pl. I, Fig. 1). 
Large sticks and stones and lumps of coal may be brought out and it is 
remarkable how readily the wasp can move large obstacles. While 
the digging is going on in the nest the wasp’s wings buzz loudly, but 
they are quiet when she is outside. I have often located a wasp at 
work by listening for this periodical buzzing. The construction of the 
nest, which is about two inches deep and somewhat enlarged at the 
bettom, requires from ten minutes to half an hour. The work is usually 
continuous, although sometimes a wasp will flatten herself out at the 
entrance to the hole for a brief rest. 

When the nest has been completed, the wasp returns to her cut- 
worm. If this is near at hand, it is soon found and carried to the hole. 
But if it is some distance away she may search for a long time before 
finding it. I came across a wasp one day that was just completing her 
nest, and I followed her to her cutworm cache twenty feet away. I 
could see the cutworm hanging in a grass clump, but the wasp had 
difficulty in finding it. She passed within a few inches of it several 
times, wahdering some distance away each time. Then she returned 
to her nest as though to get her bearings, and this time she was able to 
go almost straight to the cutworm. But then she apparently forgot 
where the nest was, and carried the cutworm about for a long time 
while searching for it. Finally she had to deposit the cutworm in 
another grass clump and go in search of the nest without it. This 
time she found the nest and cleaned it out. Then she rested a moment 
before carrying the cutworm to it. I wondered whether this wasp 
had a poorer memory than her sisters; certainly she lacked the assurance 
that most of them had. Possibly some disturbing circumstance, such 
as my presence, had confused her. 

When a wasp arrives at her nest with a cutworm, she drops it with 
its head at the mouth of the nest (Pl. I, Fig. 2), enters the hole, turns 
around, comes up, and drags the cutworm down after her. Occasionally 
she cleans the nest out a bit before pulling the victim in. Once it is 
safely deposited at the bottom of the nest, she deposits an egg on it. 
I was never able to see this performance, but it requires about a minute, 
after which the wasp emerges from the nest and immediately begins 
scratching dirt into the hole. The process of filling the hole usually 
requires only about five minutes, but sometimes it takes longer, and 
frequently sticks and stones of various sizes are seized and placed in it. 
The Peckhams observed one Ammophila pounding down the soil with a 
small stone held in her mandibles. Podalonia luctuosa often carries 
small stones into the hole, pressing them against the dirt, with her 
feet braced and wings buzzing, as though to pack the soil more 
effectually. These stones are always left in the hole but their primary 
use is evidently to make the soil as firm as possible, for the wasp also 
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presses against the soil with her head in the same manner. Any large 
sticks or twigs that may be scratched into the hole inadvertently are 
taken out again, as they interfere with properly filling the excavation. 

When the hole has been filled, there follows a rather indiscriminate 
scratching of dirt on the surface. This dirt is often scratched away 
from the hole instead of toward it, but the general result is to obliterate 
totally any signs of the nest. I have seen a wasp continue this apparently 
aimless scratching for nearly haJf an hour, her accuracy or instinct 
gradually becoming more vague until finally she got entirely away from 
the location of the hole. After having completed the nest the wasp 
may immediately begin a search for another cutworm or she may fly 
off and feast herself at the mustard blossoms and do no more work that 
day. 

The choice of a site for the nest is not always fortunate. Loose 
sand may be encountered, or ground so hard it can not be penetrated. 
In one instance, a wasp started her first attempt at making a nest at 
12:15, her second at 12:25, her third at 12:28, and her fourth at 12:40, 
completing this one and putting the worm into it at 1:05. The first 
excavation, at least, was made in the rubbish heap, and was probably 
abandoned on account of the presence of too much oil in the ashes of 
the heap. At another time a wasp attempted to dig a nest in hard 
soil. After some minutes of effort, she turned around and kicked some 
dust into the shallow hole, with a gesture that can only be described as 
one of disgust, and departed. 

Sometimes a wasp is unable to find her cutworm after having con- 
structed her nest. I observed one case that was perhaps due to my 
interference. I found a wasp digging her nest, and I placed a healthy 
cutworm near it but the wasp ignored the cutworm although she had to 
walk over it; her instincts at the moment were concentrated on nest 
building. Soon the cutworm crawled into the hole she was digging. 
The wasp promptly dragged it out and tried to sting it, but the cut- 
worm was very active and the secretion from its mouth repelled the 
wasp. Four or five times the cutworm retreated into the hole, as 
the wasp stopped to clean herself, and as many times she hauled it out 
again. 

The cutworm finally buried itself a couple of inches away while the 
wasp went on digging. She may have become confused by these 
interruptions, for when her nest was completed she was unable to find 
the cutworm she had prepared for it. After a search of about five 
minutes she gave it up, and, apparently forgetful of the cutworm that 
was within two inches of her nest, or unwilling to attack it again, she 
ran off in search of another victim. Within five minutes she found 
one a couple of féet away, paralyzed it, and deposited it in a nearby 
grass clump. Then she returned to the nest that was already con- 
structed, cleaned it out and buried the cutworm in it. The whole 
process occupied over an hour. From this it is evident that the wasp’s 
instincts are far from being iron bound. The usual procedure is to 
capture the prey first, and then construct its crypt. But if her memory 
fails her and she cannot find her victim, she is entirely capable of 
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reversing the process, and going in search of another worm with which 
to provision the nest she has already constructed. 

On another occasion I saw a wasp digging excitedly under one end 
of a short stick. Soon a large cutworm crawled out from beneath the 
stick and the wasp pounced upon it and attempted to sting it, but she 
seemed to be repelled by something. Twice more she tried to sting, 
and both times she recoiled. Evidently she was greatly affected by 
the liquid exuding from the cutworm’s mouth, for each time she sprawled 
in the dust as though to rid herself of something, and each time she 
carefully cleaned her antennz and legs before going back. Finally 
she gave it up altogether and allowed the cutworm to escape. Why 
should this wasp’s behavior differ from the others? Was she more 
fastidious, or could this particular cutworm have been suffering from 
some disease that made it repellent to her? Is it possible that the 
cutworm was parasitized’? It may have been, but I have reared large 
Tachinid flies from cutworms taken from the nests of this wasp, giving 
evidence that at least sometimes she is unaware that her victim is 
already doomed, and that her own offspring will not have the provender 
she thinks is being stored for it. 

I have already mentioned the large red Formica ants* which at 
times interfere with the wasp’s labors. If one of these pugnacious 
ants is encountered while the wasp is carrying her prey, a lively time 
ensues. I witnessed one encounter in which the ant got hold of the 
cutworm near its head, immediately causing the wasp to become greatly 
excited. She tried to pull the cutworm away, and then began to sting 
it segment by segment, as though the movements caused by the tugging 
of the ant made her believe it was insufficiently paralyzed. Although 
she was many times larger than the ant, she was unable to pull the 
cutworm away and eventually flew off, leaving it to the ant. 

Another wasp had just brought her prey to the entrance of her 
nest when an ant came up and took hold of it. The wasp immediately 
began running rapidly with the worm and shook the ant off. The ant 
retreated into the wasp’s nest, and attacked the cutworm again when 
she returned with it. This performance was repeated several times. 
The last time the ant was carried some distance from the nest before 
being shaken off, and did not return toit. The wasp ran about excitedly 
for several minutes with her cutworm, but finally put it safely up into 
a grass tuft. Then she started digging a new hole, seemingly fearing 
to return to the first one. Is that intelligence, or is it fear, or merely 
instinct? 

The Podalonias are distinctly solitary and have no love for one 
another. One day I witnessed a triangular battle. When I first came 
upon them, two wasps were fighting, but they soon stopped and wasp 
No. 1 scurried to a grass clump where she had a cutworm cached. 
She carried it to a nest she had constructed, put it in, and deposited an 
egg upon it. She then began filling up the hole. Wasp No. 2 also 
had a cutworm and a nest nearby, and she put this cutworm into her 


*A variety of Formica rufa L. 
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nest only a minute later than wasp No. 1, and began filling up the hole. 
Shortly, a third wasp came along and locked mandibles with No. 2. 
These two wasps were the same size, and after a little skirmishing 
No. 3 departed and No. 2 went on working. No. 3 then came upon 
No. 1 at work filling up her nest. A fight ensued, and as No. | was 
smaller than No. 3, she got the worst of it and departed. No. 3 then 
tried to dig up the cutworm No. 1 had just buried, but she seemed to 
be unable to find it, and dug mostly a couple of inches from the nest. 
No. 1 came back but was beaten off again. No. 3, not finding the 
cutworm, started away and ran across the location of No. 2’s nest, 
which, in the meantime, had been completely filled. In spite of the 
obliteration of all visible signs of a hole, No. 3 apparently sensed the 
presence of a cutworm and started to dig. In fifteen minutes she 
had reached the cutworm, which she dragged to the surface. She then 
proceeded to inspect it, and finding the egg of wasp No. 2 on it, she 
pinched and chewed this until nothing was left of it but the shell. 
Then she carefully stung the cutworm in several places, and ‘‘malaxed”’ 
it, although it had already been paralyzed by its original captor. This 
done, she proceeded to clean out the hole made by No. 2, put the cut- 
worm back into it, and deposited her own egg upon it. I dug this 
cutworm up later and found the eggshell of wasp No. 2 on the sixth 
segment, and the egg of No. 3 on the seventh segment. Is it possible 
that this individual, Nomada-like, had become a cuckoo, and was 
depending on her sisters to provide nests and provisions for her young? 

I tried placing wasps in a large screen cage with soil in the bottom, 
and stocked with cutworms and with mustard blossoms in water for 
food. This arrangement proved to be unsatisfactory. The wasps 
spent much time fighting one another and trying to get out of the cage, 
and I learned nothing that I could not learn from the unconfined 
wasps. 

LARVAL HABITS. 

In order to observe the habits of the larve of Podalonia, I dug 
up many of the nests and placed their contents in small tin salve boxes 
with a small quantity of earth. I found that the wasp attaches her 
egg to one of the anterior or medial segments of the cutworm, placing 
it near the lateral line, on either side, but not ventrally (PI. I, Fig. 3). 
In twenty cases recorded, one egg was placed on the third segment. 
one on the fourth, three on the fifth, ten on the sixth, and five on the 
seventh. 

The egg is so translucent that its development may be watched. 
A day or two after it is deposited it has a rather milky and granular 
appearance, with circular, transparent areas scattered about. After 
three days the segmentation begins to be apparent. The egg hatches in 
eight or ten days at room temperature, and it would probably hatch 
sooner in the nest where it would be heated by the sun. The actual 
time of hatching can scarcely be told. The larva’s head is at the end 
of the egg attached to the worm, and, when fully developed, it merely 
makes a hole in the shell and starts to feed. As it grows, the thin 
shell gradually slides back until the larva is completely out of it. 
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Larval growth is rapid, requiring about nine days under artificial 
conditions (Pl. II, Figs. 1 and 2). The cutworm lives but two or three 
days after the egg hatches; it shrinks rapidly as the larva develops, 
and little is left of it but skin when the larva has completed its growth 
(Pl. II, Fig. 3). The larva then spins a cocoon of brown silk (Pl. II, 
Fig. 4) the construction of which requires a couple of days. There 
seems to be but one brood of these wasps in a year; at least I have 
never seen them after May. 

Some of the eggs on cutworms that I dug up failed to develop, 
probably having been injured in the process of getting them out of the 
ground. In these cases, the paralyzed cutworm lived two or three 
weeks instead of only ten or twelve days. I have not reared any of 
these cutworms to maturity, but noctuids captured about the laboratory 
at the time these cutworms should mature have been determined by 
Dr. Busck as Euxoa testula Sm. It is possible that more than one 
species occurred in the vacant lot. 


FLIES ASSOCIATED WITH THE WASP. 


Now I come to the most interesting part of these observations. It 
has long been Known that certain small flies deposit living offspring in 
the nests of digger wasps. The Peckhams mention these small flies, but 
only to’ say that they had to drive them away, and apparently they 
were not interested in studying the habits of these intruders. These 
flies belong to the Sarcophagid tribe Miltogrammini, which has recently 
been revised by Dr. H. W. Allen.* Dr. Allen mentions the habits of 
some eight or ten species that prey on the larval food of Sphecid wasps. 
Several of the observations were made by Prof. J. B. Parker, who has 
also published some notes on these flies.t| A few notes have been 
published by others. 

I have observed three species of Sarcophagid flies associated with 
Podalonia luctuosa. The commonest one is Hilarella hilarella (Zett.), 
a very widespread species that has been found with various wasps. 
It is a small, active, grayish fly. Often it will be seen closely following 
a wasp that is carrying a cutworm, making short flights and alighting 
on convenient weeds to watch the progress of the wasp. And fre- 
quently when a wasp is constructing her nest, one or more of these flies 
may be seen perched on a grass blade or a stone, always with its head 
oriented toward the wasp (PI. I, Fig. 1). If the wasp is in the hole or 
has gone after her cutworm, the fly sits facing the entrance to the nest, 
occasionally changing its position as though becoming impatient. 

Hillarella deposits living young in the nest. I have observed this 
a number of times, and it was always done after the wasp had dragged 
her prey into the hole, or while she was pulling it down the hole, and 
before she had come out again. The fly alights at the mouth of the 
hole at the proper moment, almost instantaneously drops the maggots 


*Allen, H. W. North American species of two-winged flies belonging to the 
tribe Miltogrammini. Proc. U. S. Natl. Mus., Vol. 68, art. 9, pp. 1-106, 1926. 


tParker, J. B. Loc. cit. 
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into it, and immediately flies off. On one occasion, I saw a fly alight 
on the cutworm as it was disappearing down the hole and quickly 
deposit several larvze upon it. 

The fly larve are sticky and adhere readily to the cutworm. They 
must be extremely active, for I have found, on digging up a cutworm a 
few minutes after they were deposited, that they were already at work 
on the wasp’s egg. I have observed these maggots feeding on the 
egg in several instances although they do not always seem to do this, as 
in one or two cases cutworms were dug up that had both maggots and a 
wasp larva feeding on them. In these cases, the wasp larva invariably 
dies. The maggots feed rapidly and they usually kill the cutworm 
before the wasp’s egg hatches. By that time they are so large that 
they literally take the food from the larva’s mouth. These maggots 
feed in the manner usual to fly maggots, either outside or inside of the 
cutworm. I have found from two to seven individuals in a single worm. 

Another fly that can scarcely be distinguished from Hilarella without 
a lens is Taxigramma (Heteropterina) heteroneura (Meig.). It is about 
the same size as Hilarella, and has the same coloration and markings. 
Under the lens, the two may be distinguished by the wing venation. 
Hilarella has the “distal section of fifth vein scarcely ntore than half as 
long as preceding section,’’* while in Taxigramma the distal section is 
distinctly longer. The venation of the latter species is somewhat 
more crowded toward the costa, giving the wings a more delicate 
appearance. 

I have captured many individuals of Taxigramma about the nests of 
Podalonia luctuosa, in company with Hilarellas, and their habits are 
apparently the same. In one instance, at least, I reared a male Tawi- 
gramma from one of the cutworms I had dug up. The only previous 
record of the habits of this species is by C. N. Ainslie,t who reared it 
from a grasshopper in Utah. It seems rather odd that there should 
be two species of these flies very similar in appearance and having the 
same habits and habitat, unless it is a case of mimicry on the part of 
one or the other. 

The third Sarcophagid is Metopia leucocephala (Rossi). This fly is 
larger and darker colored than the others and has a silvery face. 
Melander and Brues{ found it associated with Halictus pruinosus 
Robertson, the maggots apparently feeding on the young of this bee, 
and it has been reported as parasitic in the nests of H. sexcinctus 
(Fabricius) in Europe. It has also been found about the burrows of 
Chlorion and other Sphecids by several observers, but no very definite 
information on its habits seems to have been published. 

I found Metopia to be rarer than either Hilarella or Taxigramma. 
This may be due to its different habits. Instead of the larve being 
deposited in the nest after the cutworm has been carried in, they are 
put in beforehand. The fly sits on a grass blade or a convenient stone 


*Allen, H.W. Loc. cit., p. 6. 
tWalton, Proc. U. S. Nat. Mus., vol. 48, p. 181, 1914. 
tBiol. Bul. No. 5, p. 20, 1903. 
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watching the construction of the nest. When the wasp has finished 
this and has gone for the cutworm, the fly crawls down the hole, deposits 
its young at the bottom, and comes out before the wasp returns. This 
method is more uncertain than the other. On one occasion I saw a fly 
enter a completed nest, but for some reason the wasp never returned 
with provisions. Later I dug up this nest and found several squirming 
fly maggots at the bottom. They would never have had anything to 
feed on, and must inevitably have perished. At another time, a fly 
had deposited its young in the nest, and when the wasp returned, 
instead of immediately dragging the cutworm into the hole, she first 
entered it and cleaned it out, bringing out several loads of earth. 
Evidently in doing so she also removed the maggots, for I later reared 
a wasp larva to maturity from her cutworm. The habits of the Metopia 
maggots are similar to those of Hilarella. They usually destroy the 
wasp’s egg first and then finish off the cutworm. 

[ dissected several of these Sarcophagid flies, and in one Taxigramma 
I found 29 larvee, and in three Hilarellas, 14, 19, and 19 larve, respect- 
ively. These larve remained perfectly quiet until freed from the 
enclosing membrane, when they at once became active. The maggots 
develop quite rapidly, and those of Hilarella pupate in 11 to 15 days 
after they have started feeding. The flies emerge about four weeks 
later. In the only case observed, the Melopia maggots developed in 
11 days and the flies emerged 16 days later. 

These inquilines, or guest flies, are distinctly harmful to the wasps, 
and yet as a rule I do not believe the wasps are aware of their existence. 
When a fly is following a wasp, it usually remains at a discreet distance; 
and about the nest it is very unobtrusive, becoming aggressive only 
when the wasp is dragging its prey into the nest, and hence not in a 
position to know what is going on in the world above. In one instance 
that I noted, however, the presence of the flies seemed to be known to 
the wasp. Before she had finished her nest, she had an audience 
consisting of two Hilarellas and one Heteropterina. These flies were 
probably not only watching the progress of the nest but were also 
watching one another. At least they changed positions frequently, 
apparently for the purpose of trying to secure the best point of vantage. 
This flying about seemed to be noticed by the wasp; for after digging 
for a time she stopped, walked about the mouth of the nest for a few 
moments, and then suddenly flew fifty feet away and alighted on a 
mustard plant. The flies waited for some time. but the wasp never 
returned to the nest. Evidently the number of flies and their restless- 
ness had warned her of impending danger. 

The wasp whose habits are described in this paper was very kindly 
identified for me by Mr. S. A. Rohwer, and the flies by Dr. J. M. 
Aldrich. 
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Wasp excavating nest. Arrow points to Hilarella fly. 
Paralyzed cutworm at mouth of nest. 
Egg of wasp on paralyzed cutworm. 
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Fig. 1. Young larve of wasp. Right, two days old; left, four days old. 
Fig. 2. The same larve six days later. Larva at left nearly full grown; larva 
at right has worked partially inside cutworm, and subsequently died. 


Fig. 3. Full grown wasp larva with remains of cutworm. 
Fig. 4. Full grown wasp larve ready to spin cocoons. 
Fig. 5. Cocoon of wasp. 





DESCRIPTIONS OF THREE NEW NORTH AMERICAN 
ANTS, WITH BIOLOGICAL NOTES.* 


M. R. Smit, 
A. & M. College, Mississippi. 


At the present time 119 species of ants have been recorded 
for Mississippi. Of this number 11 species, or 9.1 percent, are 
new. These new species have been found within the following 
genera: Aphaenogaster, Stenamma, Pheidole, Myrmica, Lepto- 
thorax and its subgenus Dichothorax, and the subgenus Colobopsis 
of the genus Camponotus. Although considerable collecting 
for ants has been done in some sections of the state, there are 
other sections which have been practically untouched. 

An interesting coincidence is that the species of Myrmica 
and Stenamma described below are so far the sole representatives 
in Mississippi of these two genera. The species of Stenamma is 
of more than casual interest since it is the fourth species to be 
described for North America. The other three species are as 
follows: nearcticum, a western form, which is known only from 
the male and female phases; mann?, a Mexican species; and the 
common brevicorne with its various subspecies and varieties. 
Whether the new species herein described is allied to nearcticum 
or not can only be settled when workers are collected of 
nearticum, or when the male and female phases of foveolocephala 
are found. 

The writer is under obligation to Dr. W. M. Wheeler for 
his opinion concerning the taxonomical status of several of the 
ants described below. 


Myrmicine. 


Stenamma fovolocephala sp. nov. 

W orker.—Length: 3.6-3.9 mm. 

Head, excluding mandibles, distinctly longer than broad, with 
feebly emarginate almost straight posterior border, rounded posterior 
angles, and gently convex sides. Eyes large, oval, moderately convex, 
placed at a distance from the base of the mandibles about equal to or 
slightly surpassing their greatest diameter; each eye with about 7 
ommatidia in its greatest diameter. Mandibles well developed, 
triangular, somewhat flattened dorsally; each with 5 or 6 distinct 
teeth. Clypeus moderately convex, protuberant and with the usual 


*A contribution from the Mississippi Agricultural Experiment Station. 
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longitudinal keels or carina. Frontal area distinct, subtriangular. 
Antennz 12-segmented; scapes moderately robust, not attaining the 
posterior border of the head; funiculus gradually enlarging distally, the 
last four segments very noticeably so. Prothorax and mesothorax fused 
together in such a manner that the suture separating them is almost 
obsolete; viewed laterally the two form a very gently convex, almost 
straight continuous surface. Mesoepinotal constriction very distinct, 
rather broad and fairly deep, separating the pro-mesothoracic region 
from the lower declivous, basal surface of the epinotum. Epinotal 
spines viewed in lateral profile small, acute, broader than long, directed 
backward and outward but scarcely upward. Anterior surface of 
petiole almost vertical, meeting the superior surface in a rounded yet 
distinct angle, which is almost a right angle. Postpetiolar node longer 
and more robust than the petiolar node, and rather strongly convex 
dorsally; viewed from above, it is somewhat subcampanulate in outline. 
Gaster from above oval, with rather rounded, indistinct, humeral 
angles. 

Mandibles, lateral border of clypeus, frontal area, legs exclusive of 
the tarsi, declivous surface of the epinotum, and the gaster, more or less 
smooth and shining. Dorsal surface of the head, excluding the cheeks 
and anterior borders, foveolate-reticulate. Thorax rather irregularly 
rugulose; anterior border of the pronotum, and dorsal surfaces of the 
mesonotum and epinotum with transverse rugule; pleurz of the pro- 
and metathorax with longitudinal rugulze; the mesopleure foveolate- 
punctate. Petiole and postpetiole irregularly rugulose-reticulate with 
finely punctate interspaces. 

Pilosity yellowish; moderately abundant, suberect, longest on the 
clypeus and gaster. Pubescence of same color as the pilosity, covering 
all parts of the body, but not obscuring the surface. 

Very dark brown, closely approaching black; mandibles, clypeus, 
antenne, legs, and gaster from posterior border of first segment to apex, 
yellowish. 

Described from two workers which were collected from 
sandy soil on the south slope of a thinly wooded hillside two 
miles south of Ackerman, Mississippi, on February 8, 1930. 
Cotypes are in the collection of the Department of Entomology 
of the Mississippi A. & M. College and my collection. 

Since no worker phase has been taken of mearcticum, a 
western species, I have not been able to compare my specimens 
with this species. From Stenamma brevicorne and its various 
forms my specimens differ in the following particulars: (1) larger 
eyes (which have 6-7 large ommatidia in their greatest 
diameter); (2) the reticulate-foveolate sculpturing of the 
head; (3) the transverse rugule on the basal surface of the 
epinotum; (4) the longer and somewhat subcampanulate 
shaped postpetiole; (5) the deeper body coloration; and (6) by 
the more highly glabrous surface of the head and thorax. 
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Myrmica schencki spatulata var. nov. 


W orker.—Length: 4.3-4.6 mm. 

Head, excluding mandibles, distinctly longer than broad, with 
rounded posterior border and posterior angles, and convex sides. Eyes 
prominent, oval, convex, placed at a distance from the mandibles 
greater than their largest diameter. Mandibles well developed, 
triangular, with 7 or 8 distinct teeth, the apical 3 the most strongly 
developed. Clypeus strongly convex; viewed laterally, it is decidedly 


Fic. 1. Lateral view of a worker of Myrmica schencki var. spatulata. 
Fics. 2, 3, 4. Various views of the very large and strikingly spatulate-shaped 
lobe at the base of the antennal scape of the worker. 


(All greatly enlarged. Illustrations by Mrs. S. H. DeBord.) 


protuberant. Frontal area triangular, impressed. Antenne 12-seg- 
mented; scapes robust, surpassing the posterior border of the head, each 
with a very large lobe at its base, which when viewed from above is very 
large and strikingly spatulate in outline; funiculus each with the last 3 
distal segments enlarged but scarcely forming a distinct antennal club. 
Thorax viewed laterally with a distinct pro-mesonotal suture, the meso- 
epinotal region strongly impressed dorsally, less so laterally, but not 
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forming a distinct suture. Epinotal spines long and acute, directed 
backward and upward, the spines about as long as the face of the 
declivity of the epinotum. Petiole viewed in lateral profile with 
flattened superior surface which meets the anterior surface in an almost 
distinct right angle; below with a short, blunt, anteriorly projecting 
spine. Post-petiole viewed from the same profile as the petiole, wider 
dorso-ventrally than antero-posteriorly. Gaster from above oval, the 
apex with a distinct sting. 

Mandibles, clypeus, frontal area, declivity of epinotum, appendages 
and gaster shining; remainder of body subopaque. Mandibles coarsely 
and longitudinally striated; clypeus similarly sculptured. Head 
coarsely rugulose-reticulate with finely punctateinterspaces. Thorax and 
petiole coarsely rugulose, the rugulz with a distinct longitudinal trend. 

Pilosity yellow; coarse, suberect to erect; moderately abundant over 
all parts of the body, more reclinate on the legs. Pubescence of the 
same color as the pilosity, closely appressed to the body and so sparse as 
not to obscure the surface. 

Color highly variable in different specimens, in general, yellowish- 
brown to reddish-brown; appendages lighter, gaster black. The 
dorsum of the head, thorax, petiole and postpetiole more or less 
irregularly infuscated and as a rule darker than the rest of the body 
except the gaster. 

Female.—Length: 5.5-6 mm. 

Very similar to the worker in all respects but proportionally larger. 
The head bears three not very distinct ocelli, which are arranged in a 
nearly equilateral triangle. The sculpturing of the body although 
similar to that of the worker is much coarser. On the thorax, especially 
the sides, the rugulz are regular, almost equi-distant, and have a longi- 
tudinal trend. 

Pilosity and pubescence hardly distinct from that of the worker. 

Color much deeper than that of the worker; dark reddish-brown, 
with the infuscation on the dorsal surfaces of the body darker, thus 
giving the ant from above a blackish appearance. 





Described from 6 workers and 4 dealated females, all of 
which were taken from a nest in the soil in a low heavily-wooded 
area, subject to occasional inundations, 5 miles west of Stark- 
ville, Mississippi. Cotypes in the collections of the Department 
of Entomology of the Mississippi A. & M. College, the collection 
of Dr. W. M. Wheeler, and my collection. 


Formicine. 


Camponotus (Colobopsis) obliquus sp. nov. 
Soldier —Length: 3.5-3.75 mm. 
Head subcylindrical, somewhat longer than broad, with subparallel 
sides, rounded posterior border, and rounded posterior angles. The 
anterior truncated surface decidedly oblique, only faintly concave, its 
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edges carinate along the sides but rounding off above in the clypeal 
and adjoining regions. Mandibles small, with flattened upper surfaces, 
each with 4 distinct teeth and a short, toothless, proximal portion. 
Clypeus on the truncated surface sub-rectangular, somewhat longer than 
broad, not very noticeably broader above than below; viewed laterally 
the clypeus is slightly raised above the surface of the cheeks and man- 
dibles. Frontal carinz far apart, diverging posteriorly for the greater 
part of their length, then paralleling each other for the remainder of the 
space. Eyes moderately large, sub-elliptical, gently convex, situated 
on the posterior half of the head. Antennz 12-segmented; scapes 
curved, gradually enlarging distally, and extending a slight distance 
beyond the posterior corners of the head. Thorax robust. Prothorax 
and mesothorax when viewed in lateral profile forming a long, gentle 
arch. Mesoepinotal suture distinct. Base of epinotum cleft; viewed 
laterally the base appears flattened and slightly shorter than the concave 
declivous surface, which it meets in a very pronounced angle. Petiole 
low, convex in front and above, flattened behind, the posterior dorsal 
border impressed centrally. Gaster oval. 

All of the head except that posterior to the eyes opaque, very coarsely 
reticulate-rugose with punctate interrugal spaces; remainder of head 
finely shagreened, smooth and shining as is also the thorax, petiole 
and gaster. 

Cheeks and anterior dorsal surface of the head with short, erect, 
blunt, yellowish hairs. Erect but rather sparse hairs on the vertex 
of the head, the gastric segments, especially the posterior edges, and 
a few on the tips of the antennal scapes and femora. 

Anterior half of head reddish-brown; posterior half black; funicular 
segments infuscated. Thorax, legs, and petiole brown. Gaster black; 
in some specimens the first and second segments are tinged with yellow. 


Described from three soldiers which were nesting in a cavity 
in the husk of a hickory nut, Carye sp. The nut from which 
the specimens came was gathered by Mr. J. M. Langston in a 
low pasture, five miles southwest of Starkville, Mississippi. 

One cotype each in the collection of the Department of 
Entomology of the Mississippi A. & M. College, the collection 
of Dr. W. M. Wheeler, and my collection. 

This species is distinct from any of the other North American 
Colobopsis which I have yet seen. With respect to the shape 
of the head of the soldier (that is, its parallel sides) it would 
appear to be allied to C. impressus. It differs from the latter 
species, however, in many respects, notably: (1) its much 
smaller size, (3.5-3.75 mm.); (2) the much coarser sculpturing 
of the head; (3) the less concave, truncate surface of the head; 
and (4) the more rectangular shaped clypeus. 





THE IDENTITY OF ZENILLIA BLANDA O. S. AND 
ZENILLIA VIRILIS A. & W. WITH NOTES ON 
ZENILLIA BLANDITA COQ. 


(Diptera, Tachinide). 


W. F. SELLERs, 


Assistant Entomologist, U. S. Bureau of Entomology, 
Melrose Highlands, Massachusetts. 


Many collections of native insects are reared annually at the 
Gipsy Moth Laboratory for the purpose of ascertaining to what 
extent introduced parasites of the gipsy moth (Porthetria 
dispar L.) and the brown-tail moth (Nygmia phaeorrhoea 
Donovan) are attacking native hosts. Owing to this, nearly 
all the tachinids in the collection of this laboratory are reared 


1. virilis 2. blanda 


Fic. 1. Diagram of left anal spiracle of puparium of Zenillia virilis A. & W. 
Fic. 2. Diagram of left anal spiracle of puparium of Zenillia blanda O. S. 


specimens, and it is possible, in the majority of cases, to associate 
the puparia with the flies. The detection of certain differences 
in the puparia of Zenzllia blanda O. S. (=Zenillia blanda blanda 
O. S. of Aldrich and Webber (5)*) and Zenillia virilis A. & W. 
(=Zenillia blanda virilis A. & W.) led to a study having for its 
object the determination of specific differences in the adults 
themselves. 

Figs. 1 and 2 are diagrammatic sketches of the left anal 
spiracle of the puparium of each species. 

From these figures it is readily seen that these puparia are 
quite distinct on the basis of the arrangement of the spiracular 


*Reference is made by number (i/alic) to ‘‘Literature Cited,’’ p. 576. 
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entrances. The puparia of Zenil/lia virilis are easily differ- 
entiated by their three rather straight spiracular entrances 
from those of Zenztllia blanda, which have four twisted or 
serpentine spiracular entrances. Greene (4) figures a puparium 
that he calls Exorista boarmie Coq., but which is now Zenillia 
blanda O. S. He notes that the second spiracular entrance 
from the bottom is rather long. In the puparia of this species 
examined in the course of the present study, this entrance did 
not seem to be constantly longer than the one immediately 
above it. 

In a paper by Aldrich and Webber (5) Zenillia blanda and 
Zenillia virilis were considered merely subspecific, as only the 
males could be separated. ‘Specimens of this sex are readily 
distinguished by the presence or absence of pollen on the third 
and fourth abdominal sternites. It was, therefore, with the 
object of attempting to separate the females that a study was 
made of a series of female specimens associated with puparia. 
A very constant character was discovered, namely, that an 
inner ventral bristle, called by Parker (3) a submesotibial 
bristle, was present on blanda females and lacking on the females 
of virilis. A series of males was next checked for this character 
and both species were found to lack the bristle in that sex. 
This character has been used by Stein (6) and Lundbeck (7) in 
separating the European species of the genus Carcelia. It is 
interesting to note that this bristle is present in both sexes of 
Zenillia blandita Coq., which is mentioned in this paper because 
of its striking similarity to blanda and virilis. 

All specimens in the collection were arranged and studied 
according to the hosts from which they were reared to determine 
if this played a part in defining the limits of variation. While 
studying these series of males and females associated with 
puparia, it was noted that there was a certain definite relation- 
ship between the number of sternopleural and dorsocentral 
macrochaete in Zenillia blanda and Zenillia virilis. 


Key.* 
With two sternopleural and three postsutural dorsocentral macrochaete; 
apical scutellar bristles normally turned backward. Male abdomen with 
the third and fourth segments shining brown or black on the venter, 
contrasting with the pollinose second; inner forceps slender apically, 
*Designed to fit in Aldrich and Webber’s (5) key to the genus Zenillia, 
couplet 25. 
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almost straight, ending inwardly at apex with a small tooth, hairy about 
two-thirds of their entire length. Male and female lacking an inner 
ventral bristle on the midtibia.................... virilis Aldrich and Webber 


With two sternopleural macrochaete and a sternopleural bristle (rarely 
indistinguishable from the surrounding sternopleural hairs) and four post- 
sutural dorsocentral macrochaetz; apical scutellar bristles normally 
turned upward. Male abdomen with the third and fourth segments 
pollinose on the venter; inner forceps rather thick apically, outwardly 
with long hair to the last fifth, which is bent at an obtuse angle. Male 
without and female with an inner ventral bristle on the midtibia, 

blanda Osten Sacken. 


With three strong sternopleural and four postsutural dorsocentral macro- 
chaete, strong apical scutellar bristles turned backward. Male and 
female with an inner ventral bristle on the midtibia....... blandita Coquillett. 


The characters used in the key to separate these species are 
not absolutely constant. It was found in the course of a careful 
study of the specimens involved that in no case did a specimen 
depart from the characters mentioned below in more than one 
respect and this in only very few instances. 

Fifty-six Zenillia virilis adults exhibited the following 
percentages of variation: 86 per cent had two sternopleurals on 
each side, 9 per cent had two on one side and three on the 
other, and 5 per cent had three on each side; 86 per cent had 
three dorsocentrals on each side, 7 per cent had three on one 
side and four on the other, and 7 per cent had four on each 
side. In all the specimens examined the inner ventral mid- 
tibial bristle was lacking. 

Three hundred and ninety-three Zenillia blanda adults 
exhibited the following percentages of variation: 93 per cent 
had three sternopleurals on each side, 4 per cent had two on 
one side and three on the other, 3 per cent had two on each 
side; 98 per cent had four dorsocentrals on each side, 1 per cent 
had three on one side and four on the other, and 1 per cent 
had three on each side; in 96 per cent of the males the inner 
ventral midtibial bristle was absent, 6 per cent had it present 
on one side and absent on the other, 8 per cent had it present; 
96 per cent of the females had the inner ventral midtibial 
bristle present, 3 per cent had it present on one side and absent 
on the other, and in 1 per cent it was absent. Except for a few 
flies obtained from Archips cerasivorana and A. fervidana, all 
the specimens examined had the inner ventral bristle absent 
on the males and present on the females. 

The following two tables were drawn up to show the host 
relationship in the case of each species. 
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Larve of both these species normally emerge from the host 
pupa, but occasionally form their puparia within the host. 
Individual records show further that both forms hibernate as 
maggots in the host pupa. In the cases considered in this 
paper, if parasitic on hosts producing adults in the same season, 
both parasites completed their development that season; but if 
parasitic on hosts that pass the winter in the pupal stage and 
emerge the following spring or summer, the flies likewise did 
not emerge until the following spring. The only exception to 
this was a fly reared from Sphecodina abbotii Swain. and this 
may have been because the host apparently passes the winter as 
an imago within the pupal case. Zenillia virilis and Zenillia 
blanda were found to have five hosts in common, and in six 
instances both species were recovered from the same collection. 
The adults of the summer generation emerged from the middle 
of July until fall, and those coming from the overwintering 
hosts issued from spring until the early part of August. 


The Zenillia blanda adults noted in Table I have been 
recovered from 74 localities in the following states: Connecticut 
(2), Maine (7), Massachusetts (37), New Hampshire (2), New 
Jersey (9), New York (5), Pennsylvania (1) and Rhode Island 
(11); whereas the Zenillia virilis adults noted in Table II have 
been recovered from 31 localities in the following states: 
Connecticut (4), Maine (9), Massachusetts (9), New Hampshire 
(1), New Jersey (6), New York (1), and Rhode Island (1). 
Published distribution records by Aldrich and Webber (4) of 
specimens of blanda from other than those places already 
mentioned are as follows: Maryland, Virginia, North Carolina, 
Kansas, Arkansas, New Mexico, Arizona, Colorado, Florida, 
Cuba and Peru. Owing to possible misidentification, some of 
these records may concern virilis. The locality records of 
Kansas and the Federal District, Mexico, given by Aldrich 
and Webber for virilis undoubtedly refer to this species, since 
only male specimens were concerned. 


ADDITIONAL Notes on Zenillia blanda O. S. 


The following material at the Museum of Comparative Zoology, 
Cambridge, Massachusetts, was examined: Osten Sacken’s type, one 
female specimen labeled as bred from Thanaos brizo, and four specimens 
in the C. W. Johnson collection labeled Exorista boarmia. Osten 
Sacken’s type was labeled ‘‘25° from the S. H. Scudder Collection,” 
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“Type,” “bred from Cynthia cardui J. rufipes.’’ The fly, a male, had 
two strong and one weak sternopleural bristles; four dorsocentral 
macrochaetz; apical scutellar bristles weak and turned up; third and 
fourth sternite pollinose; midtibia with two posterior, one outer, and no 
inner bristles. The anal spiracles of the puparium which was pinned 
with the type specimen, are like those figured by Greene (4) under the 
name of Exorista boarmie and in this paper under the name of Zenillia 
blanda. The specimen bred from Thanaos brizo had two strong sterno- 
pleural bristles on one side and two strong and one weak on the other 
side; four dorsocentral macrochaetz; apical scutellar bristles turned up; 
inner ventral bristle present. A number of field collected specimens 
were all blanda except one female, which was virilis. 

At the Boston Society of Natural History among the several Zenillia 
blanda specimens as now rearranged is one male labeled ‘‘ Ex Depressaria 
heracliana, Salisbury Cove, Maine, VII-6-23.” 


Howard and Fiske (2) mentioned a specimen of Exorista boarmie 
Coq. as having been reared from a collection of brown-tail moth larve; 
this is the same specimen listed in Table I as being from that host. 

Owing to the confusion of female characters in blanda and virilis as 
treated by Aldrich and Webber (5) their host list is not cited in this 
paper. 


ADDITIONAL Notes ON Zenillia virilis A. and W. 


The sternopleural and dorsocentral characters used by Coquillett (1) 
for Exorista blanda are those given for Zenillia virilis in the key in this 
paper. The examination of the type of blanda has proven Coquillett’s 
conception of this species to be erroneous. Undoubtedly there has 
been much misidentification of blanda and virilis as now known, where 
Coquillett’s classification has been followed. Because of this fact the 
three specimens recorded by Howard and Fiske ( (2) Tables IV and V) as 
Exorista blanda are probably to be regarded as virilis. These specimens 
are distinct from the five flies from Porthetria dispar listed in Table II 
of the present paper, which were originally identified as blanda by the 
same workers. 

In the material at the Museum of Comparative Zoology, Cambridge, 
Massachusetts, one female Zenillia virilis was discovered among the 
Zenillia blanda material. Two specimens, one male and one female, 
determined as Zenillia (?)blandita proved to be virilis. In the Johnson 
Collection three specimens labelled as Exorista blanda were found to be 
virilis. 

In the collection at the Boston Society of Natural History several 
specimens of Zenillia virilis were found in the Zenillia blanda and the 
Zenillia blandita material. 

Aldrich and Webber (5) record one male from Papaipema harrisii 
Grote and one male from Ennomos subsignarius Hubn. (the latter 
reared at the Gipsy Moth Laboratory). 
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Notes ON MATERIAL OF Zenillia blandita Coq. EXAMINED. 


The following specimens were studied: One female determined 
by Webber, at the Gipsy Moth Laboratory, labeled No. Saugus, Mass.; 
one male determined by Aldrich, in the Johnson Collection, labeled 
Washington, D. C.; and one female in collection at the Boston Society 
of Natural History, labeled Auburndale, Mass. These specimens 
agree with the characters given in the key. Despite the distinctive 
characters and large size of this fly, it is well named blandita because of 
its close resemblance to Zenillia blanda. Aldrich and Webber (4) give 
as the only host Sarrothripus revayanus Scop. 
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MANUAL FOR THE STUDY OF INSECTS, by Joun Henry 
Comstock, ANNA BotsFrorD Comstock and GLENN W. HERRICK; 
pp. 1-401, colored frontispiece and 633 figures. The Comstock 
Publishing Company, Ithaca, N. Y. 

The reappearance of this classic in its new and completely revised 
form will bring pleasant memories to all American entomologists of the 
older generation as it opened to many the first door to an entrancing 
world. It is pleasing that the authors have retained its previous form, 
even to the color and material of the binding, though the volume has 
been reduced to half of its former thickness by the use of thinner paper. 
The younger entomologists will be interested to know that it took ten 
years to complete, that much of it was written in the early morning 
between the hours of four and eight o’clock, that the illustrations of 
insects are wood cuts engraved during this period by Mrs. Comstock, 
which was an equally arduous task. The present edition, the nineteenth, 
is completely revised, a work started by Professor Comstock and 
completed by Professor Herrick. After thirty-six years the Manual 
still ranks among the best of beginning texts because of the very great 
amount of able and painstaking work put into it by Professor and 
Mrs. Comstock. C. H. K. 








THE BIONOMICS OF DIBRACHOIDES DYNASTES 
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ALFALFA WEEVIL. 
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Assistant Entomologist, Cereal and Forage Insect Investigations, 
Bureau of Entomology, United States Department of 
Agriculture, Hyéres, France. 


INTRODUCTION 


The hymenopterous parasite, Dibrachoides dynastes (Foerster,) 
dealt with in this paper, is considered to be the most important 
prepupal and pupal parasite of the alfalfa weevil, Phytonomus 
posticus (Gyll.), a species of weevil accidentally introduced into 
the United States, where it has proven extremely injurious to 
alfalfa in Utah, Idaho, and neighboring States. 

During the course of the parasite-collection work carried on 
at the European Parasite Laboratory of the U. S. Bureau of 
Entomology at Hyéres, France, to procure parasites for ship- 
ment to the United States, it was found more feasible to rear 
this parasite in quantities in the laboratory than to collect it 
in the field. To accomplish this, many thousands of full-grown 
weevil larvz were collected in the latter part of April by sweep- 
ing, brought into the laboratory, and allowed to spin their 
cocoons, after which they were placed in cold storage at a 
temperature of from 10° to 13° C. as a constant source of supply. 
Through the use of this material and one fertilized female 
parasite the greater part of the following notes was obtained. 


LIFE CYCLE OF THE HOST IN THE VICINITY OF 
HYERES, FRANCE 
The eggs of Phytonomus posticus are found, from January 
to May, inclusive, in the dry or green alfalfa stems. The first 
larve make their appearance in the early part of March and 
after feeding inside the stalk for several days they crawl to 
the leaf buds and leaves where they complete their feeding. 
About the middle of April the larve finish feeding and drop to 


*The writer offers grateful acknowledgment to Dr. H. L. Parker for his advice 
and helpful criticisms of the manuscript and to A. B. Gahan for furnishing data on 
the synonymy. 
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the ground where they spin their cocoons. These are white, 
more or less oval, coarsely woven, and very flexible, and are 
usually found attached to fragments of dead leaves or rubbish 
on the ground. The adults emerge from these early cocoons 
the latter part of April and remain in diapause until the follow- 
ing December. 

The larve of the main brood appear about the latter part 
of March and form their cocoons the first part of May, the 
adults emerging a week or two later and remaining in diapause 
as do those of the early brood. 

Occasionally a few scattered weevil larve may be found in 
the field during the summer and fall. 


SYNONYMY OF THE PARASITE 


The earliest definite reference to this species of parasite in 
literature appeared in 1841 when Foerster (3) described the 
female under the name Pteromalus dynastes. 

In 1912 Webster (13) made the first biological notes on this 
species but was unable to determine it. 

Finally in 1913 Kurdjumoff (5) created the genus Dibrach- 
oides and designated Pteromalus dynastes Foerster as the type. 
He also listed Pteromalus communis (Nees) as a synonym but 
* questioned it. 


DISTRIBUTION 


The first specimen of this species was recorded from Germany 
by Foerster (3) in 1841. In 1911 W. F. Fiske collected a large 
number near Naples, Italy. A few years later Kurdjumoff (5) 
collected some at Poltava, Ukraine, Russia. Since then it has 
been found by T. R. Chamberlin (1) at Hyéres, Tournon, and 
Lons-le-Saunier in France. It was introduced into the United 
States and was artificially colonized in Utah in 1911 (13) from 
the Salt Lake City Laboratory. L. P. Rockwood later (10) 
recorded it from the State of Washington. 


ECONOMIC IMPORTANCE 


No extensive inquiry has been made regarding the amount 
of parasitism existing in the field but in one heavily infested 
locality near Hyéres, in 1929, it was 5 per cent, and the few 
records of previous years show that this is about the maximum 
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rate of parasitism. As the experiments show that this parasite 
winters over as an adult, with probable high mortality, its im- 
portance as a check on the host may be somewhat lessened. 
Up to the present, however, it appears to have the highest 
percentage of parasitism and the widest distribution of any of 
the parasites in Europe found attacking the cocoon stage of 
the weevil. 


LIFE HISTORY AND HABITS 


EMERGENCE 


After the change to the adult stage both sexes remain 
quiescent in the host cocoon for a period of from 3 to 20 hours 
depending on the temperature. Even if the cocoon has a hole , 
large enough to permit their escape they do not issue until 
this ‘‘resting period”’ is terminated. Eventually they begin 
the search for openings and if none is found they cut a few 
strands of the cocoon with their mandibles. As they are 
intermittently searching for openings and cutting the network 
the hole made by the first issuing parasite may serve as an exit 
for the others, or if this hole is not discovered by them each may 
make its own. The males are usually the first to emerge. 

From 100 pupal hosts parasitized in the laboratory and kept 
at temperatures corresponding to those in the field 370 adult 
parasites emerged, making an average of 3.7 per host. The 
average emergence per prepupal host was not determined but 
as fewer eggs are laid on this stage than on the pupal host the 
average would be somewhat less. 


MATING 


The males are sexually active just previous to or immedi- 
ately after their emergence from the host cocoon but the females 
are not so until the second day. Copulation takes place after 
emergence from the cocoon, though sometimes the male mani- 
fests his sexual activities before this time by a process of pre- 
liminary ‘‘courtship’’ maneuvers. The female, however, does 
not permit actual copulation. The males do not perceive 
readily the difference between sexes as when males alone were 
placed in containers they would go through a part of the pre- 
liminary maneuvers with other males, often mounting upon 
their backs, from which they are quickly thrown. 
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The male does not usually become aware of the female’s 
presence until he touches her with his antennz, whereupon he 
becomes greatly excited. His antenne are directed towards 
the female and vibrate rapidly as his body sways from side to 
side. He then attempts to mount, usually from the rear. The 
female is constantly on the move when harassed by the male 
but stops as he climbs upon her back. In this position with his 
legs gripping her thorax the male places his head between the 
antennez of the female and strokes them with his own, and also 
occasionally with his mouthparts. He then stops the stroking, 
raises his body slightly, and flutters his wings very rapidly. 
These preliminary movements may be practiced one or several 
times before an actual attempt at copulation is made; when, 
however, they are completed the male moves backwards and 
curves his abdomen under that of the female and attempts the 
act of copulation. If the female desires the act she remains 
quiet and allows the contact to be established; if not, she lowers 
her abdomen and moves away, thus causing the male to fall 
off. At other times the female may raise her wings to loosen 
his hold or merely lower her ovipositor so that he can not reach 
the genital opening. Usually many repetitions of these pre- 
liminary movements are necessary before copulation takes 
place. The length of time required for coition is from 9 to 15 
seconds. When copulation is terminated the male moves away 
to rest for a short time and returns to attempt it again. 

The female apparently permits only one copulation during 
her life, though unable to prevent the male from indulging in 
the courting preliminaries for short periods at various times: 
The sexes were found to mate very readily at any time of the 
day in vials 8 by 1.5 cm. in size, at temperatures from 18° to 
28° C. and somewhat more quickly if left apart for about 2 
days after emergence. 

OVIPOSITION 

Oviposition-may begin on the second day after emergence 
but generally it does not commence until the third; it never 
begins, however, until after the female has located, stung, and 
fed upon the host, a process which is described under ‘‘ Methods 
of Feeding.” 

Egg laying takes place at any hour of the day or night at 
temperatures between 18° and 30° C., the optimum being about 


a 
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The preferred stage of the host seems to be the prepupal 
and after that the pupal. 

The female crawls over the coarsely woven host cocoon, 
feeling through the network with her antennz for the location 
of the already paralyzed host. If she does not find it in this 
manner she will thrust her ovipositor into the cocoon and locate 
it with that organ. She spends from 5 mintues to several 
hours with occasional rests feeling over the host with the tip 
of the ovipositor and pushing and pulling it into a suitable 
position. 

When ovipositing upon a prepupa, the female takes a position 
with her ovipositor thrust through the network of the host 
cocoon and resting between the segments of the thorax. An 
egg, enveloped in white mucous liquid, moves down the inside 
of the ovipositor until it is entirely free from the genital orifice, 
suddenly appears on the outside of the ovipositor, and is pushed 
towards the host. When it reaches the tip of the ovipositor 
it does not immediately slide off but sticks there momentarily 
and the pressure of the stylets behind pushes it into a round 
ball which snaps off onto the host, quickly assuming its original 
shape. Usually several eggs are deposited in this manner 
without change of position but occasionally the operation may 
terminate after only one is laid. The female then crawls to 
another part of the cocoon and either tries to place these eggs 
in a more favorable location by manipulating them with her 
Ovipositor or lays others. After laying 3 to 5 eggs she usually 
feeds, either on the host just paralyzed or on a new one. In 
the majority of cases the eggs are placed together in an irregular- 
ly shaped group on the ventral surface of the thorax. 

When laying eggs upon a pupal host the operation differs 
slightly. The female maneuvers around the host until her 
Ovipositor rests between one of the wing pads and the abdomen, 
and the eggs are pushed under the wing pads as far as possible. 
If 3 or 4 eggs are laid under one wing pad the first laid are often 
pushed under so far that they come out from under the other 
edge and lie in an exposed heap between the wing pads. In 
other respects the laying procedure is the same. 

Very often the female is either unable to release the egg or 
else she can not find a suitable location and it is wiped off on the 
cocoon as she withdraws her ovipositor. If the egg projects 
above the cocoon she pushes it inside with her mouthparts or 
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the tip of her abdomen and later attempts to place it on the 
host. Eggs are occasionally found on the cast larval skin. 
She is not usually successful in placing these eggs on the host 
and many of them dry up and fail to hatch while the larve 
which hatch from the others die before reaching the host. 


OVIPOSITION PERIOD 


The oviposition period extends over the greater part of the 
life of the parasite. Beginning two days after emergence it 
continues until within a few days before death. If the female 
is presented with an abundance of suitable host material, at 
from 20° to 30° C., the oviposition period lasts from two weeks 
to one month. 


NUMBER OF EGGS LAID 


The maximum number of eggs laid by a single female was 
122 and these were laid a few every day for a period of four 
weeks. The maximum number of eggs found on one host 
(a pupa) was 16 and the minimum 1. The average number per 
host for 50 individuals observed was 3 on the prepupa and 4 
on the pupa. The maximum in 24 hours at 23° C. was 26 on 
9 prepupe and the average was 8 on 3 prepupe. At 18° C. 
the maximum daily rate was 11 on 2 prepupe and the average 4. 


THE EGG 


The egg (PI. I, fig. 1) is translucent whitish in color. The chorion 
is thin and elastic with a smooth, shining surface. It is simple in 
form, slightly arched, and has a number of very fine ridges irregularly 
placed and running more or less longitudinally. The average length is 
0.42.mm. and the average width 0.16 mm. 


INCUBATION 


At temperatures ranging from 25° to 30° C. the period of 
incubation ranges from one and one half to two days, depending 
upon the location of the egg on the host. The developing 
embryo can be seen near the center of the egg as a cloudy 
white oval body. When the larva is fully formed the chorion 
is ruptured at the anterior end and the larva emerges. 

Moisture plays a very important part in the incubation of 
the egg, as it was observed that when the eggs are placed under 
the wing pads or in the crevices between the segments of the 
prepupa, where it is more humid, they hatch in a minimum of 
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time with practically no mortality, whereas when they are 
placed on the exposed surface some of them dry up and fail to 
hatch and the incubation period of the others is slightly 
increased. 


FIRST INSTAR 


The newly emerged larva (PI. I, Fig. 2) is about 0.45 mm. long and 
0.18 mm. wide. It is widest at the thorax and tapers gradually to the 
caudal end. It is translucent whitish in color, smooth and shining, 
and consists of a head and the usual 13 segments. 

The head (Pl. I, Fig. 3) is white, slightly more chitinized than the 
body, and bears a pair of small fleshy conical antenne. Around the 
mouth are 3 pairs of small sensorial spines, one pair anterior to the 
labrum, one pair laterad of the mandibles, and one pair laterad of the 
labium. The labrum bears 4 pairs of sensorial organs in the form of 
circles. The mandibles (Pl. I, Fig. 4, A) are 0.015 mm. long, arched, 
sharply pointed, testaceous in color, with 10 to 15 minute teeth on the 
inner margin. Each mandible is supported at its base by two chitinized 
arms or mandibular ‘“‘apophyses”’ (after Parker) (7), the superior one 
extending to the interior only a short distance and the inferior one 
uniting with that of the opposite side to form a continuous support. 
The labium, which is a fold of soft tegument below the mouth, bears 
6 pairs of small circular sensorial organs. Each segment of the thorax 
has 3 pairs of small sensorial spines and each abdominal segment 
2 pairs; these spines are situated as follows: two dorso-lateral and two 
lateral rows extending from the first thoracic to the 10th abdominal 
inclusive, and two ventral rows on the thorax with one spine on each 
segment. The anal segment is not bilobed. Extending around the 
body on the anterior border of each segment there is a narrow band of 
very minute tegumentary spines visible only under the highest magni- 
fications. 

The respiratory system (Pl. I, Fig. 2) is composed of a main longi- 
tudinal trunk on each side of the body united anteriorly in the first 
thoracic and posteriorly in the eighth abdominal segment by transverse 
commissures. There are 4 pairs of open spiracles, a pair on the second 
thoracic segment and each of the first three abdominal segments. The 
dorsal branches in each segment arise from the lower part of the spiracu- 
lar branch, and not from the main longitudinal trunk, as is the case in 
most chalcids heretofore studied. The ventral branches arise from the 
main longitudinal trunk near the bases of the spiracular branches. 


SECOND INSTAR 


The average larval length is 0.62 mm. and the average width 0.29 mm. 
The inferior mandibular apophyses are not united by a transverse 
chitinous arm under the mouth as was the case in the first stage but are 
separated like the superior pair. The mandibles (Pl. I, Fig. 4, B) are 
approximately the same size as in the first instar but less chitinized 
and the teeth are more prominent. Their shape has changed entirely 
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and resembles that of the mature larva, being broader at the base and 
not hooked at the tip. The sensory spines and antennz are much smaller 
than in the preceding stage but their arrangement is the same. There 
is an additional pair of short sensory spines between the antenne. 
The labium and maxilla are fused and have 4 small sensory spines on 
each side together with 4 circular sensory organs, one of which is 
elevated slightly above the surface. The body has lost the band of 
minute spines around each segment. There are 9 pairs of spiracles 
present, 1 pair to each of the last 2 thoracic and first 7 abdominal 
segments. The color is light brown. 


THIRD INSTAR 


The larva averages 1.25 mm. by 0.46 mm. The color is the same 
as in the previous instar. The spines and antennz are slightly larger. 
The mandibles are longer and the teeth somewhat more prominent. 


FOURTH INSTAR 


The larva averages 1.74 mm. by 0.70 mm. The color is pink or 
clay. The spines, antennae, and dentate mandibles are all slightly 
larger. 


FIFTH INSTAR 


The average length of the fifth instar or mature larva (Pl. I, Fig. 6) 
is 2.83 mm. and the average width 0.95 mm. It is of a typical chal- 
cidoid form, somewhat spindle shaped and slightly curved. It is 
usually pink in color owing to the distended stomach containing the 
red fluid of the host’s Malpighian tubes. If these tubes are untouched 
it is a clay color arising from the fluids in the body cavity of the host. 
After leaving the host to cast its meconium it is always gray. The 
cuticle appears smooth and shining under low magnification. The 
sensory spines of the body and their arrangement are the same as in 
the first instar. 

The head (Pl. I, Fig. 5) is very smooth on its upper surface and 
sides and bears a pair of fleshy conical antenne. The sensory organs 
of the head are arranged the same but are larger than in the three pre- 
ceding instars. There are two additional pairs of organs in the form of 
circles, one pair laterad of the labrum and the other between the labrum 
and antennz. The labrum has 5 pairs of circular organs. The mandi- 
bles (Pl. I, Fig. 4, C) are 0.0526 mm. in length, with the superior margin 
nearly straight and the inferior margin slightly curved, and bear from 
10 to 15 small teeth each. 

The respiratory system (PI. I, Fig. 6) is practically the same as in 
the second instar except for a general increase in the number and 
length of the branches. There are also rudiments of a tenth spiracle 
on the eighth abdominal segment but it is not open to the exterior. 

The digestive system consists of the mouth, a short, slightly en- 
larged pharynx, a somewhat shorter and narrower oesophagus, a very 
large stomach, and a short hind intestine. There are two salivary 
glands, one on each side of the stomach extending from near the posterior 
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end of the stomach to the floor of the mouth, and 3 very short Malpighian 
tubes attached to the anterior end of the hind intestine. 

The muscular system is composed of 4 groups of longitudinal muscles, 
with 5 muscles in each, 2 dorso-lateral and 2 ventro-lateral. There are 
also 10. oblique muscles on each side from the third to the twelfth 
segment, each crossing 3 segments and extending anteriorly in a dorso- 
ventral direction from just laterad of the lower dorso-lateral muscles 
to a point beyond the ventro-lateral group. 


PREPUPA 

When the larva becomes full grown it leaves the host and crawls 
about in the cocoon for a few hours. After coming to rest it com- 
mences the prepupal stage by expelling all the material in the intestines. 
During this operation a slight constriction forms between the thoracic 
and abdominal segments and the head is more transparent. The color 
is light cream. 

PUPA 

Male: Length 2.10 mm., width 0.75 mm. Female (Pl. I, Fig. 7): 
Length 2.70 mm., width 0.82 mm. 

The pupa when first formed is entirely white. At 28° C. the color 
changes within a few hours to pale yellowish brown. In about 3 days 
at this temperature the mouthparts turn brown and the ocelli and eyes 
become reddish. A day later the head becomes black. On the fifth 
day, first the thorax and then the abdomen turn black and after a few 
hours the adult emerges. The males may be easily distinguished at 
any time from the females by the fact that in the males the distance 
between the last pair of legs and the caudal end is much shorter. When 
the pupz are mature the male is further distinguished by the light 
yellow spot near the anterior portion of the abdomen. The males are 
usually smaller than the females. 


ADULT 


The adult female is about 3 mm. long. The head and thorax are 
dull metallic green. The antenna is dark brown, except the scape, 
which is testaceous. The legs are testaceous, except the coxz, which 
are concolorous with the thorax, and the apical tarsal joints, which are 
dark brown. The abdomen is brownish-black with bronzy to brassy 
green metallic reflections. The wings are hyaline. 

The male is about 2.3 mm. long. The head and thorax are bright 
metallic blue-green. The scape is very pale testaceous and the club 
and base of pedicle are fuscous. The rest of the antenna is testaceous. 
The legs are pale testaceous, except the coxa, which are concolorous 
with the thorax, and the apical tarsal joints, which are dark brown. 
The abdomen is dark brown with bluish green reflections and a large 
yellow more or less rectangular area near the base. 


This species may be readily distinguished from the other 
pteromalid parasites of the alfalfa weevil by its large size and 
its excavated occiput. 
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DEVELOPMENT AT DIFFERENT TEMPERATURES 


An experiment was carried out to determine the period of 
development of each of the immature stages of the parasite and 
these are summarized in Table I. 

When full grown larve were kept at temperatures of from 
8° to 13° C. many expelled some or all of their meconium but 
failed to reach the pupal stage. At lower temperatures the 
larve died in about two weeks without any change other than 


TABLE I. 
Rate of Development of Immature Stages of Dibrachoides dynastes (Foerst.) 
AVERAGE OF 25 INDIVIDUALS. 








Temperature} Length of | Length of | Length of | Length of Period Time 
and Egg Larval Prepupal Pupal from Egg in 
Humidity Stage Stage Stage Stage to Adult Cocoon 
25°-30° C. | 134 days 5 days 8 hours 5 days 12 days 9 hours 
40%-60% 2 hours 





18° C. 3% days 9 days 1% days 11 days 25 days 20 hours 
60%-80% 


8°-13° C. 


9 days 9 days 
60% -80% 


lms peeeeememenene — aanaemaml — ts 
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an occasional discharge of the meconium. Pupz placed at 
temperatures of from 8° to 13° C. changed very slightly, rarely 
becoming black. The body turned light brown and the eyes 
pink and remained thus as long as they were at these temper- 
atures or until they died. If kept under these conditions over 
4 or 5 weeks their vitality was greatly lowered, as only a few 
emerged when gradually exposed to warm temperatures and 
these lived only a short time. 


LARVAL FEEDING AND GROWTH 


If the egg is in contact with the body of the host, the larva 
on hatching begins at once to feed at that point and usually 
remains there until through feeding. If laid away from the 
host, either on the cast larval skin or the cocoon, it proceeds to 
search for the host but usually dies before reaching it. After 
the feeding is completed the larva leaves the host and crawls 
about in the cocoon for a day or so before expelling its meco- 
nium. When there are 5 larve on one host, the resulting 
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adults are usually smaller owing to the lack of available food 
and they reach maturity sooner than when there are but 3 or 
4 larve to a host. These latter numbers appear to be the 
optimum from the standpoint of the parasite. 


HABITS OF THE ADULT 

The females are somewhat negatively phototropic, especially 
when kept over several months without hosts. When placed 
in a large vial, darkened at one end, they usually crawl to the 
dark end and remain there more or less motionless. Ifa broken 
host cocoon is placed in the vial, whether darkened or not, the 
female will crawl inside of it and remain there for several days. 
The males seek the light more eagerly and are more active 
than the females. 

At all temperatures from 0° to 32° C. both sexes are more or 
less active, as is noticed by their occasional change in position 
from day to day. Some females at 0° C., however, did not 
move and appeared dead but soon revived when brought into 
a warm room. Above 30° C. they were most active and the 
females did not oviposit. 


METHODS OF FEEDING 


The adult male and female will feed on honey or sugar 
solution but the preferred food of the female is the body fluids 
of the host. 

The male does not feed from this source. 

When about to feed on the host the female examines the 
cocoon very carefully with her antennz. She then thrusts her 
Ovipositor inside of it and very cautiously stings the host 
causing it to twist and turn spasmodically for several minutes. 
After that she merely holds her organ inside waiting for the 
host to roll against it. Sometimes she is able to keep her 
ovipositor in the host for several seconds and in that case it 
will writhe violently for a long time, and during this period 
she rests on the cocoon with her ovipositor withdrawn. She 
stings the host from 3 to 100 times before it is completely 
paralyzed, taking from 10 minutes to 8 hours. On the whole it 
requires less time to paralyze the prepupa than the pupa and 
this fact may account somewhat for the female’s preference of 
the former as host. 
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After the host has become quiet the female crawls around the 
cocoon feeling with her antennz or thrusting in her ovipositor 
at different points in search of the spot upon which to erect the 
feeding tube. Occasionally she will move the host into a more 
desirable position with the tip of her ovipositor. When the 
desired spot is found, usually the dorsal part of the abdomen, 
the ovipositor is thrust through the cocoon and into the host 
at this point and the distal end moved around several times 
inside the host in a circular manner. The female does this 
intermittently for 2 or 3 minutes and then withdraws the 
ovipositor until only the tip is in the host. At this time a 
chalky white fluid flows down the ovipositor to the host and 
quickly hardens. This continues for about a half minute and 
then she slowly pushes the organ deeper until it is as far in the 
host as she can push it. After that she very cautiously and 
slowly withdraws the ovipositor completely, leaving a white 
tube attached to the host and projecting slightly above the 
network of the cocoon. The entire procedure lasts from 5 to 
10 minutes. Immediately after the ovipositor is withdrawn the 
female moves backwards and finds the end of the tube by the 
aid of her antenne. Occasionally, especially with old females, 
the tube does not form owing to an insufficient quantity of 
fluid, in which case the female becomes greatly excited after 
fruitless searching. She will then make another tube nearby. 
When the tube is finally formed and located she quickly be- 
comes calm and feeds by sucking the blood of the host through 
the tube. After feeding from 5 to 20 minutes without moving 
she leaves the cocoon and rests for several minutes before 
commencing to lay her eggs. 

It is not always necessary that the female erect the feeding 
tube from outside the cocoon, as the author has observed her 
in many cases deliberately enter, after the host is paralyzed, 
and erect one there. In this case the tube projects only just 
above the host’s body. A new tube is made for each feeding. 

The feeding tube is similar in color but twice as large in 
diameter as the strands of the cocoon. It is very delicate and 
lightly attached to the host, as a slight movement caused by 
turning the cocoon always results in severing it. It is there- 
fore very essential that the host be entirely paralyzed or the 
feeding by the parasite will be interrupted. 
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These operations incident to feeding are all very similar to 
those so aptly described by Lichtenstein (6), Picard (9), Voukas- 
sovitch (12), Faure (2), Trouvelot (11), Genieys (4), and 
Parker and Thompson (8), with closely allied chalcidoids and 
other parasitic Hymenoptera. , 


EFFECT OF PARASITE ON HOST 
In her effort to paralyze the host completely the female 
stings it so violently that it dies. After one or two days the 
dead host has disintegrated to such an extent that it is no longer 
suitable to the female for oviposition, although she occasionally 
feeds from it at this time if no other source is available. 


TABLE II. 


Length of Life of Adults of Dibrachoides dynastes Under Various Conditions. 





' Longevity of . Longevity o 
Temper- Num- } 5 F Num- g y of 


ature Food ber Female ber Male 
and Used ; } Used ; 
nekities Maximum] Average Maximum] Average 


25°-30° C.| Sugar solution 


10 40 days | 10 days} 10 | 20days| 5 days 














40% -60% Water only 5 6days | 3 days 5 5 days | 2 days 
18°-24° C.| Sugar solution 10 |152 days | 62 days | 10 | 45 days | 14 days 
40%-60% Water only 5 8 days} 5 days 5 5 days | 3 days 
8°-13° C. | Sugar solution 6 |8months| 4months} 4 | 7months| 3months 
60%-80% | Water only 4 1 month | 9 days 4 | 15 days | 7 days 
0°C. | Sugar solution 3 3months| 23 days} 10 | 28 days | 10 days 
60%-80% | Water only 3 |26days | 15 days} 10 | I18days| 7 days 





























PARTHENOGENESIS AND PROPORTION OF SEXES 
Like most chalcidoids this parasite reproduces partheno- 
genetically when the progeny are all males. 
Judging from the material reared in the laboratory it would 
appear that the females are slightly more abundant than the 
males. Of 218 specimens, 119 were females and 99 males. 


LONGEVITY 


In order to secure data on the duration of the adult stage a 
number of each sex were placed at different temperatures and 
fed either with sugar solution or water. The results are sum- 
marized in Table II. 
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As most of the adults were inactive at 0° C. they were 
brought into the room for an hour or so every few days to enable 
them to feed. Those placed at from 8° to 13° C. were able 
to feed at that temperature but were brought into the warmer 
room for a half hour or so about once a week to be certain that 
they fed. One female kept at from 5° to 13° C. lived from the 
middle of July to the following February, whereupon she was 
changed to 22° C. to induce oviposition. She laid 53 eggs and 
died March 15. If she had not been exposed to the higher 
temperatures she undoubtedly would have lived considerably 
longer. 


EFFECT OF CONTINUOUS LOW TEMPERATURE ON 
THE ADULT MALE 
When males were kept several weeks at constant temper- 
atures below 8° C. and allowed to mate at the end of that period 
the resulting progeny of the mated females were all males. 


SEASONAL HISTORY 


This parasite normally has two generations annually in the 
Hyéres district. The overwintering females parasitize the first 
weevil cocoons formed in the spring, which appear about the 
middle of April at Hyéres. From the first to the second week 
of May the females of the first generation of the parasite emerge 
and attack the host cocoons. At this time, however, the 
weevils are practically all in the cocoon stage and rapidly 
changing to adults, so the parasite can not lay her normal 
number of eggs owing to the lack of hosts. The second genera- 
tion of the parasite, therefore, is less numerous than the first. 
As there are usually a few scattered weevils in the cocoon 
stage to be found from the middle of May to the following fall, 
there is also a possibility of the occurrence of one or more 
additional generations, depending on whether the parasite can 
find any of the few scattered hosts present during that period. 


HIBERNATION 


All experiments made in the laboratory under conditions 
more or less comparable with those in the field tend to show that 
the parasite passes the winter as an adult. 





1930] Smith: Bionomics of Dibrachoides Dynastes 591 


HYPERPARASITISM 


No hyperparasites of this species were reared by the author 
but Chamberlin (1) records a eulophid, Pleurotropis sp., as 
parasitizing the pupz of D. dynastes to a small extent. 


HOSTS OTHER THAN PHYTONOMUS POSTICUS 
Adults of D. dynastes have been reared from field-collected 
cocoons of Hypera nigrirostris (Fab.) by L. P. Rockwood. 
The author has bred this parasite in the laboratory from cocoons 
of IIypera punctata (Fab.) and has reared as many as 13 full- 
sized adults from one host. 
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.mandibles. circular area at tip. 





EXPLANATION OF PLATE 


(All drawings much enlarged.) 


Fig. 1. Eggs. 

Fig. 2. First instar larva, lateral aspect. 

Fig. 3. Head of first instar larva, ventral aspect. 

Fig. 4. Mandibles of first (A), second (B) and fifth (C) instars. 

Fig. 5. Head of mature larva, ventral aspect. 

Fig. 6. Mature larva, lateral aspect. 

Fig. 7. Pupa of female, ventral aspect. 
LIST OF ABBREVIATIONS 

.antenna. mr......maxillary region. 

superior mandibular apophysis. pa......inferior mandibular apophysis. 

. band of minute spines. r.......minute ridges. 

imaginal bud of male repro-_ s.......sensorial spines. 

ductive organs. Se tentorium. 
.labial region. te......minute teeth. 
mouth opening. tu......tubercle-like projection with 
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NOTES ON THE LIFE-HISTORY OF 
LINDORUS LOPHANTH&.* 


STANLEY E. FLANDERS. 


Lindorus lophanthe (Blaisd.) is a common coccinellid pre- 
dator of red scale. If fruit heavily infested with red scale is 
placed in a container the larve of Lindorus appear in numbers 
as soon as the minute larve, which are usually present, increase 








Fic. 1. Last stage larva of L. lo‘phanthe feeding. 


in size. That larger larve are not found to be so plentiful on 
the fruit when on the trees is probably due to the fact that the 
young larve are active and have a tendency to drop off or 
crawl on to the limbs. 

When black scale eggs were glued to the fruit the larve 
in the third and fourth instars seemed to prefer them to red 
scale. In order to obtain oviposition records it was necessary 


*Paper No. 215, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Riverside, California. 
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to use black scale as a stimulus for egg deposition. In the 
field oviposition probably occurs on the limbs bearing red 
scale infested fruit. The writer has not as yet observed any 
eggs on the fruit. The instinct of the female to insert its eggs 
in crevices is illustrated by the fact that it occasionally will fill 
the space between the abdomen and elytra of dead adults with 
a mass of eggs. 

The adult Lindorus is convex-oval in shape and varies from 
2 to 3 mm. in length. The males may be distinguished from 
the females by the bifid claws of the first and second pair of 
legs and the emarginate posterior edge of the last abdominal 
segment. Mating occurs readily in confinement. 














Fic. 2. Eggs of L. lophanthe deposited among black 
scale eggs glued to cardboard. 


When paired and placed in a vial with an abundance of 
black scale eggs one female deposited among the black scale 
eggs as many as 144 pearly white or yellowish eggs. These 
eggs are elongate-oval and are approximately 144 mm. long. 

Egg deposition begins on the third day after emergence. 
Just prior to depositing an egg the female is especially active, 
pivoting, and moving jerkily and sometimes exhibiting a 
pugnacious manner toward individuals near her. Oviposition 
may extend over a period of 20 days. The maximum daily egg 
deposition for one female was 25. 

Although Lindorus exhibited a fondness for black scale eggs 
it can be reared successfully on them only after the second 
ecdysis. Newly-hatched larve placed on black scale eggs 
suffered a heavy mortality and the length of the first instar was 
three times that of those feeding on red scale. Moreover, all 
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of the second stage larve died with an abundance of black 
scale present. 

On the third day of incubation of the egg the enteron of 
the embryo becomes yellowish in color and on the fourth and 
fifth days the dark gray larva is visible within the egg. Upon 
hatching the entire larva is silvery gray and the ocelli are red. 
Shortly afterward the head capsule turns black. The body is 
.6 mm. long upon hatching and just prior to first ecdysis is 
1 mm. long. Two distinct dark dots on the first thoracic 
segment and four caudal hairs characterize this stage. In its 
following stages the larva is fringed with hairs. The body color 
after each ecdysis changes from a dark gray to light yellow. 
The young larva usually seeks a crevice such as under a loose 
fruit button in which to undergo ecdysis. The newly emerged 
last stage larva is approximately 3 mm.in length. A character- 
istic mark on the larva is a yellow dorsal streak due to the 
color of the middle third of each of the first four abdominal 
segments. 

The life cycle is as follows: 

Egg stage Ce a pe 5-6 days 
First larval instar... vant 3-3 days 
Second larval instar. . iia i 2-3 days 
Third larval instar 3-4 days 
Fourth larval instar er 6-8 days 


Pupal stage.... 4-5 days 


Many larve can be reared in a small container such as a 
Petri dish 4 inches in diameter without a high degree of canni- 
balism. The writer placed 120 larve of all stages in such a 
container and reared all but 5 per cent. The pupal stage is 
most subject to injury by the larve. 





RESPONSE OF THE ARGENTINE ANT (IRIDOMYRMEX 
HUMILIS MAYR) TO EXTERNAL CONDITIONS.* 


LucILE HERTZER, 


Stanford University. 


The following observations were made in an artificial 
formicary in the interest of recording the responses of the 
Argentine ant to varied conditions of humidity, temperature, 
and light, with particular reference to the care of their young. 


I. Humipity CHOSEN FOR YOUNG 


In several of the larger formicaries under observation there 
were decided changes in the position of the young according 
as moisture varied. In order to find out if Argentine ant 
workers showed any preferences as to degree of humidity for 
different immature stages, a large formicary was made the 
subject of experiment. In this formicary all three young 
stages were present. There were three separate little shelters 
which they constructed out of particles of soil. Soil could be 
dampened directly in some places and be kept dry in others. 
By controling the dampness, the workers could be made to 
move their young to any elected spot as long as it was in the 
dark. 

1. Shelter ‘‘2’’ was dampened most, shelter ‘‘1’’ less, and 
shelter ‘‘3’’ not at all. The next day the driest shelter was 
vacant, a large pile of larve and another of eggs were in the 
dampest, and pupz were in the one only partly damp. 

2. Later the sponge was dampened and the next day it 
was found that both the eggs and larve were near the sponge, 
while the pupz were in shelter ‘‘1’’ which was dry, but not the 
driest. 


‘ee 


® 


3. The shelters were dampened as in 1 above. A day and 
a half later the positions occupied were as follows: driest place 
deserted; less dry—pupe, a few eggs, and a few larve ready to 
pupate; dampest—many eggs and larve. 





*Contribution from the Entomological Laboratory of Stanford University, 
California. 
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4. Shelter ‘‘3’’ which had been deserted right along was 
dampened as well as shelter ‘‘2’’, while shelter ‘‘1’’ was left to 
dry. 

Results as follows: shelter ‘‘1’’ (driest)—deserted, no young 
or workers; shelter ‘‘2’’ (dampest)—a large pile of eggs, a large 
pile of larva, the latter being in the damper place; shelter 
‘*3”’ (less damp)—two large piles of pupa and some older 
larve. 

5. One end of shelter ‘‘1’’ was dampened as well as No. 


’ 


oO 


se 


Results: shelter ‘‘1’’—pupz were in the dry part, young 


‘sg 


larve in the damp part; shelter ‘‘2’’ (damp)—larve; shelter 
3’ (damp)—vacant. 


oe 


6. Shelter ‘‘2’’ was made very damp. 

Results: shelter ‘‘1’’—larve in the damp part, pupz in 
the dry part; shelter ‘‘2’’ (very damp)—no young; shelter *‘3”’ 
(very dry)—no young. 

7. Shelter ‘‘1’’—pupz in the driest part, larve in the 
dampest part; shelter ‘‘2’’—young larve in the damper part, 
eggs in the less damp part; shelter ‘‘3’’(driest)—deserted. 

8. Shelter ‘‘1”’ (dry)—pupe; shelter ‘‘2’’ (damper)—larve; 
shelter ‘*3’’ (driest)—no young. 

9. Shelter ‘‘1’’—larve and eggs on damp side, pupz on 
dry side; shelter ‘‘2”’ (slightly damp)—pupe; shelter ‘3” 
(driest )—nothing. 

In seven similar cases pupz were kept invariably in the 
drier, and eggs and larve in the damper part of the formicary. 
Few ants had been permanently in shelter ‘3’. An attempt 
was made to force them there by allowing ‘‘1”’ and ‘‘2”’ to dry. 

Results: shelter ‘‘3’’ (dampest)—eggs, larvae, most of the 
workers, all six queens; shelter ‘‘2’’ (dry)—deserted; shelter 
“1” (dry)—pupe. 

As no definite discrimination had been observed between 
humidity chosen for eggs and larve, it was determined to 
dampen a space so small that all eggs and larve could not be 


placed there at one time. 
Results in three cases were: 


1. Larve in the dampest part; eggs in a less damp part 
close to the larve; pupz in the driest. 
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2. Larve in the dampest part; eggs an inch away in a 
less damp place; and pupez in the dry part. 

3. Pupe in dry part; eggs, a few larve, and pupz where it 
was slightly damp; many larve in the dampest part. 

Therefore, larve of the Argentine ant are kept by choice 
in a relatively humid place, eggs in a slightly less humid position, 
and pupe in almost dry soil. 

Very damp soil is also avoided. On two occasions, large 
colonies moved with all their young out of a wet formicary 
across a foot of water to another formicary where conditions 
were identical except for less moisture. 


Il. TEMPERATURE PREFERRED FOR YOUNG IN A COLONY 


A jar of ice was placed at one end of a galvanized pan three 
feet long and eight inches wide; an electric bulb, at the other 
end. Soil was put in the bottom of the entire pan covering 
up the bulb. The temperature ranged from 56° at one end to 
122° at the other. Workers and pupz were placed at the warm 
end. One hour and a half later they had settled down in one 
spot with their young in a pile. The temperature at this 
place was 70°. During the night it became much higher at 
this place and the young were moved to the opposite side 
where the temperature was 83°, some degrees lower than at 
the place they had deserted. 

With another group of workers and young, the temperature 
chosen for the young was 77°. Using the same equipment, half 
the soil was dampened, and the other half left dry. Here two 
choices were to be made. The ants could choose almost any 
temperature and at the same time either dry or damp soil. 
Workers and larve were introduced upon dry and warm soil 
over the bulb. One hour later they had settled with their 
young on the damp side at 80°. Several days later all the soil 
was dry except under the ice jar. The ice had entirely melted. 
The temperature had risen considerably on the dry end. The 
young were found under the ice jar at a temperature of 66°. 
Here they chose a lower temperature because it was damp. 
This shows the importance of sufficient humidity. 

In a glass tube a half inch in diameter and three feet long, 
a half dozen workers and young were introduced. One end 
of the tube was chilled to 37° and the other was heated to 134°. 
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There were all degrees of temperature between. The ants 
with their young settled where the temperature was 80°. 

The workers chose for their young temperatures varying 
from 70° to 83° with 80° chosen most often, where temperature 
was the only factor. Where humidity entered in as a factor, 
they would choose a lower temperature in order to secure 
greater humidity, if moisture was not available at higher 
temperatures. 


III. REACTION TO LIGHT 


A Petri cell in which workers and young were established 
for several days was so arranged that one-half was in the 
light and the other half in semi-dark. The cell was turned so 
that the young were in the light. Workers immediately began 
carrying the one hundred eighty-six pupez into the dark. This 
was accomplished in nineteen minutes. One worker trans- 
ported a callow after all pupz had been moved. The light was 
then reversed. All pupz were again carried to the dark. 
A similar result was obtained each of ten times. The activity 
of changing the position of the young was often initiated by 
one ant. Others soon followed the example of the first. 

In but a few instances have young been brought out into 
light and then only in dull light. When the soil became too 
dry in Formicary ‘‘25’’, workers twice carried part of their 
eggs and larve out into dull light by a damp sponge. In 
Formicary ‘‘6’’ workers did the same on one occasion. In 
another instance, pupze were brought into the light when the 
soil was too damp. Young have never been observed in direct 
light in the field in natural conditions, but workers have been 
seen carrying pupz up between two rocks where blades of grass 
allowed a dull light to penetrate. 

In general workers with young show a definite negative 
reaction to light. 





STUDIES ON THE ARGENTINE ANT QUEEN 
(IRIDOMYRMEX HUMILIS MAYR).* 


LuciLtE HERTZER, 


Stanford University. 


I. BEHAVIOR OF THE ARGENTINE QUEEN IN 
BROOD-REARING. 


In the case of many species of ants the queens of the colony 
rear to maturity a first brood of minim workers which assume 
all nest duties. The queen henceforth gives herself up exclu- 
sively to laying eggs. She feeds from the tongues of her 
offspring and becomes indifferent to her young. She is prac- 
tically a parasite, ‘‘a mere egg-laying machine.”’ 

The following observation serves to show that the Argentine 
queen actually takes part in brood rearing and is not merely 
an egg-laving machine. In a certain artificial formicary, 
February 26, 1929, a queen assisted four workers in taking an 
active part in the care of eggs, larve, and pupe. 


Observation 1. 

A pupa was emerging from the larval skin. The moulted 
larval skin was hanging to the tip of the abdomen. The 
pupa’s abdomen was undergoing strenuous contraction, the 
purpose of which was to rid itself of the shed skin. One or two 
workers had been licking the pupa almost constantly. At 
this time a worker carried the pupa toward the pile of young 
beside the queen. The queen took the pupa into her mandibles 
from the worker, placed it on the pile, and licked it with her 
tongue. After several minutes the queen removed the larval 
skin from the abdomen of the pupa with her mandibles. Taking 
this skin, she held it to the mandibles of the oldest larva that 
had not yet discharged the meconium. Soon she repeated this 
act. The observer was unable to determine whether the 
larva ate. Then the queen held her mouth to the larval 
mouthparts in the same manner that a worker regurgitates to a 


*Contribution from the Entomological Laboratory of Stanford University, 


California. 
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larva. Several minutes later a worker held the larval skin to 
the mouth of the larva, and then another worker did the same. 
It fell and another replaced it. The queen again licked the 
pupa. She held her mouth to the mouthparts of two larve 
after which she put the larval skin partly in the mouth of the 
large larva. When she left, movement of the larval mouth- 
parts was observed. Evidently the skin was being chewed. 
A worker walking past the larva knocked the skin out. It was 
replaced by another worker and the chewing movements were 
again in evidence. The queen spent several minutes in cleaning 
two larve and an older pupa. She then picked up the pupa, 
turned it on the other side, and cleaned that side. All this 
occurred in one hour. Several most important factors are 
shown: 

(1) This queen was taking an active part in both feeding 
and grooming the young. (2) The queen was as active as any 
worker in the care of the young. (3) The queen cared for 
young in the presence of workers. (4) Larve will likely eat 
solid matter. 


Observation 2— March 2. 


Dampening of the soil caused four workers to start moving 
the young in the formicary. The queen assisted, carrying 
separately eggs, larve, and pupe. Then for thirty minutes the 
queen spent most of her time licking the young, cleaning 
nearly all of them in this time, and rearranging the whole pile. 
Workers also attended them, but the queen was fully as diligent. 
Occasionally she stopped to clean herself. Twice she received 
regurgitated food. Three times she cleaned workers. After 
thirty minutes activity slackened, and she stood quietly by 
the young. 

In five other formicaries queens attended by workers were 
observed on several occasions to aid workers in carrying young 
when the colonies were disturbed. In all these cases the 
colonies were small, fifteen workers being the greatest number 
present. 

It is interesting in this very successful species of Formicidz 
to find the queen not so specialized in habits but that she may 
share with the workers the care of the young. 
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II. BEHAVIOR OF THE ARGENTINE ANT QUEEN WITH 
REFERENCE TO COLONY MOVING. 


We know that ant colonies move about from place to place 
according to the conditions of their environment. 

In order to determine the reactions of the queen with 
reference to the ‘‘moving phenomenon,’’ a number of experi- 
mental colonies were set up and studied, with the following 
results. In each case, a colony had become established in a 
Petri cell on a platform over water. The colonies consisted of 
queens accepted by workers of an alien colony of the same 
species. Each colony had selected its abode from a choice of 
two or sometimes three Petri cells. A colony could be made to 
move by regulating humidity or light. Light, excessive 
moisture, and excessive aridity are equally avoided. The 
purpose of this experiment was to determine the queen’s 
behavior—to see whether or not she selects the new living 
quarters, or follows the workers to the new place in the midst of 
moving activities, or moves because she is being left behind. 


Case 1. 


In the first instance the soil in the colony cell was allowed 
to dry. A second cell was more humid. Workers began to 
pass back and forth to this cell. In an hour the two colony 
queens went to the newly selected place, following the trail 
established by these workers. This trail covered a distance of 
twenty-six inches or what might have been directly accomplished 
in five inches. When the queens left, there were still ten workers 
in the cell. Twenty had already gone to the new place. Hence, 
the queens left in the midst of the moving activity, not waiting 
until they had been deserted. One hour passed before the old 
place was entirely deserted by the workers. 


Case 2. 


The colony cell was allowed to dry. One and a half hours 
after a second cell had been made of more suitable humidity, 
three workers were inspecting it. Soon there was a quick 
influx of workers into this cell, and in ten minutes the two 
colony queens came to the new place. When they left their 
nest, there were still eight workers in the cell. Twenty-two 
were in the new place or on the way there. Again, the queens 
had followed to the new abode amidst moving activity. 
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Case 3. 


Workers started moving to the new place in numbers, 
carrying immature forms there. When more than half the 
young had been carried to the newly selected site, and more 
than half of the seventy-five to one hundred workers had 
moved, the colony queen came to the new abode. She had 
caught the moving spirit and had gone to the new place when 
only half of her workers had left her. 


Case 4. 

The colony cell was overdampened. The workers started 
transferring to another cell within five minutes. After twenty 
workers were in the new cell, the colony queen went there, 
following the trail that the workers took. When the queen 
left, there were fully fifty in her cell with her. In this case 
the queen early caught the moving spirit, leaving after two- 
sevenths of the workers had transferred to the new place. 


Case 5. 

The colony’s cell was allowed to dry. Within two hours 
after the soil in another cell had been dampened, it was being 
inspected by several workers. Twenty-five minutes later 
workers were moving young to the new place, following a 
definite trail. Ten minutes later the queen moved there when 
seventeen workers, or one-third of the colony was with her in 
her cell. Again, the queen left before she had been left behind. 


Case 6. 


In the sixth case of a colony moving from one Petri cell to 
another, the cause was disturbance by light. Within fifteen 
minutes after an electric light was turned on in a room, all were 
quite excited in their cell, and some began moving to the other 
‘cell. Workers kept passing back and forth between cells. 
Fifty minutes after the light was turned on, the queen left for 
the newly selected cell. Thirty workers were still in the colony 
cell when she left, while thirty-five had already gone to the new 
location. The queen moved in the midst of the moving activity 
when slightly more than half had gone to the new place. 


Case 7. 


In the seventh case of a colony moving, the cause was 
excessive humidity. The soil was dampened gradually so as 
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not to disturb the ants by a sudden deluge. In twenty minutes 
a few began moving to another cell on the same stage and some 
young were taken there. Twelve minutes later they deserted 
this cell for a third. They kept moving back and forth from 
their cell to this third one, carrying young over, but often 
returning with them. Three-fourths hour later the queen 
went there. Eight-ninths of the workers had already left 
when the queen went to the new place. 


Case 8. 

The colony cell became dry. A second cell was dampened. 
Workers started moving their young to this place. The queen 
went to the humid cell when one-fourth the workers had 
transferred. Within two hours after the second cell had been 
dampened, all the young and most of the workers were in the 
new abode. 


Case 9. 


A colony cell was permitted to dry out. <A second cell was 
kept humid. During the next twenty-five minutes after a few 
workers began looking around in the moist cell, many workers 
moved there, carrying young with them. The queen finally 
went unaccompanied over to the new cell, following the trail 
that all the workers had traveled. When the queen went to the 
new place, eight-ninths of the workers had already transferred 
to the new place. 


Case 10. 


The cause of moving was the admission of light when a light 
was turned on in the room. This time the queen went to the 
new place during the midst of the moving. When she left 
her place, there were twenty-five workers in the newly chosen 
cell, and forty still back in the old nest. She followed the same 
trail that the workers established. In this case five-thirteenths 
of the workers had moved when the queen did so. 

The queen in no case selected the new abode. Workers 
always chose the new location and established a definite trail 
there before the queen transferred. On going to the new place, 
the queen always followed the workers’ trail. The queens 
left for the new places when from one-fourth to eight-ninths 
of the workers had gone to the new abode. She did not in 
any case wait until she was deserted before she moved. She 
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seemed to catch the moving spirit from the workers, becoming 
active and restless before leaving her cell, but leaving 
voluntarily. She is not picked up and carried to a place of 
safety as are the eggs, larve, and pupe. 


III. Hostitiry AMONG ARGENTINE ANT QUEENS AND 
AMONG THE WORKERS. 


During the course of an extensive study of the Argentine 
ant in artificial formicaries, an opportunity was afforded to 
study the relations of queens of this species to each other. 

According to the observation of Newell and Barber* ‘‘Queens 
never show the least hostility to each other.’’ ‘‘It was our 
custom to put all surplus queens into one colony. As many 
as several dozen queens were sometimes in a colony at once, all 
living peaceably together, and with the number of queens 
sometimes exceeding the number of workers.”’ 

While it seems to be quite true, as evidenced by many 
experiments as recorded elsewhere, that in this species the 
individuals of a colony and even of alien colonies are amicably 
disposed toward one another, ‘‘viciousness’’ does occasionally 
break out, as the following observations testify. 

On March 1, in a Petri cell in which for three days three 
queens of a certain colony called ‘‘k’’ had been confined without 
workers for a few days, one queen was found with only the 
left fore leg unmutilated. All other appendages were entirely 
or partly lacking. This queen was scarcely able to drag 
herself around. A second queen was also mutilated, retaining 
entire only three legs and one antenna. The third queen was 
unmutilated. Her thorax was slightly caved in, no doubt 
being injured during capture. This, however, did not seem to 
inconvenience her, though it may have had something to do 
with her subsequent behavior. At any rate it served as an 
excellent identification mark. Suspecting that this queen was 
the offender, she was carefully observed and in a half hour 
as she came in contact with the second queen, she bit her 
viciously. Fifteen minutes later, the performance was repeated. 
The attacker moved quickly and seemed greatly irritated, but 
she spent practically all her time in hiding. Observations at 
intervals up to ten o’clock that night revealed no more attacks. 


*Newell, W. and Barber, T. C. The Argentine Ant. U.S. Dept. Agr. Bur. 
Ent. Bul. 122, pp. 50, 51, 1913. 
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By the next morning one mutilated queen was dead, and the 
other had portions of three more appendages bitten off. These 
appendages were removed between joints showing the effect of 
the queen’s biting rather than of pulling, which is evident 
in attacks by workers. This second queen died during the 
afternoon. 

Another ‘‘k’’ colony queen was then introduced. The two 
fed on honey side by side. After a while the fighter approached 
the other in a threatening manner with open mandibles, while 
the other cowered. Then the newly introduced queen was 
viciously grabbed by the hind leg, which was injured by the 
single attack. Each hid separately for two hours when they 
were prodded from their places. Running, they came in 
contact and several severe attacks followed, after which each 
lunged about frantically. Four workers of an alien colony 
of the same species were then introduced. The next morning 
one leg of the attacked queen was off beyond the femur, and 
one antenna lacked a few segments. During the next day all 
were apparently friendly, the queens tolerating each other. 
By the third day, however, the injured queen had suffered 
further mutilation. She died that afternoon. The fighting 
queen had killed three queens from the same colony as herself. 

To see whether or not this queen would join an alien colony 
of the same species, the cell, in which she had been established 
for nine days with one egg, was placed over water upon a plat- 
form on which another cell was present containing an ‘‘E”’ 
colony queen and ‘‘S”’ and ‘‘O” colony workers, established 
together as one congenial group for three days. Two hours 
after the exits of the cells were opened, the isolated fighting 
queen was found by a colony worker. After a time more 
workers came, but not until almost two hours did this queen 
go to the colony cell. Her egg also was taken to the colony 
cell. Five minutes after she came to the colony, she was 
attacked by several workers. Some, however, engaged in 
cleaning her. Attacks were by no means continuous. Although 
this queen was not driven away, the next morning she was still 
occasionally attacked. Sometimes the two queens were 
together, but they were not evidently on good terms, because 
whenever they came bodily in contact with one another, the 
colony queen manifested definite and sudden withdrawal. 
After two days they were often together, but on the sixth day 
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the workers were attacking their own queen. Both antennz 
and one leg were off. The queens for the next few days were 
often together. On the third day three more of the legs of the 
colony queen were off, and by the fourth day her body had 
been dismembered. The fighting queen was now on good 
terms with these workers and retained all her appendages 
throughout the next couple weeks. Whether or not the ‘‘K”’ 
colony queen took part in killing the colony queen is doubtful. 

Another queen from ‘‘D”’ colony was introduced to this 
same group. Almost immediately she was attacked by workers. 
The fighting queen showed an irritability by several times 
opening her mandibles when the ‘‘D’’ queen approached, and 
finally she bit the ‘‘D’’ queen’s petiole. The next day the 
‘‘T”’ queen lacked both antenna, but was thereafter tolerated 
but never closely associated with the ‘‘K’’ queen where the 
young were kept. Eight days after this ‘‘D’’ queen was 
introduced, the ‘‘K’’ queen was found to lack her two hind 
legs and an antenna. By this time the number of workers in 
the cell had greatly increased. Workers from a nearby colony 
had wedged into the cell. These were probably responsible 
for the mutilation of the ‘‘K’’ queen. Five days later this 
queen was beheaded. These workers had accepted permanently 
the ‘‘D”’ queen. 

This observation showed that as social as the Argentine is, 
it would appear that nevertheless its queens are not entirely 
free from antagonism. This queen killed three queens from 
the same colony as herself, and attacked queens of other colonies. 
She attacked queens both when workers were and were not 
present. 


se 


IV. Hostitiry AMONG WorRKERs. 
Under two different circumstances hostility among workers 
has been observed. 


1. Pseudo-hostility. 

On November 20, 1928, outdoors, workers whose abdomens 
were distended with food were noticed returning to the nest. 
These were attacked by workers of the same colony coming 
from the nest with empty abdomens. The attacked workers 
showed no hostility in retaliation, but pulled hard to free their 
legs, mandibles, or antennz from the grasp of their nest mates. 
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Sometimes they would free themselves and hurry on to the 
nest. Other times they would regurgitate to the worker, 
after which each cleaned itself and went on its way. One 
worker dragged its attacker a foot while the latter bit the 
other’s leg. Then it stopped and regurgitated. Sometimes 
two would attack the same ant at once and both share in the 
regurgitated food. The purpose of this pseudo-hostility was 
solicitation of food. 


2. Actual Hostility. 

Two workers had been caring for young with a few other 
workers for more than two months. For a month these two 
had been faithfully tending the few larve alone. At the end 
of this time another worker was introduced. Soon one of the 
two attacked the newcomer on the leg and followed it around 
attacking its leg or antenna when opportunity offered. Each 
of them then several times bit the worker on the pedicel, causing 
it to dart away suddenly. After a half hour, the newcomer 
stayed away from the two workers who were keeping close to 
their larvae. Whenever the intruder came in contact with 
them, she withdrew hastily and in three days she was killed. 
One of the faithful ones died also, having lost two legs in the 
fight. Another strange worker put in was not permitted near 
the young, and died within two days. A third died a day later 
with an injured abdomen. The faithful worker later also died. 

A colony of queen and workers was established for two 
months with young. The number of workers was reduced to 
three. Workers from a table twenty-five feet away wedged an 
opening into the cell and thirty or more invaded it. There was 
great excitement in the cell. The opening was too small for 
the queen to leave. One worker was dead, being cut in two 
between the thorax and abdomen, a second was being severely 
attacked and died in an hour and a half, a third had two legs 
amputated and died later in the day. It appears highly 
probable that the workers attacked were those belonging to the 
queen. The queen herself was accepted. Her young were all 
eaten by the intruders. 
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